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When “Life or Death” says Stop! 


In real emergencies—those tight places where stopping in- 
stantly means human lives — it’s more than comforting to 
know that you have a car equipped with Bendix Mechanical 
4-Wheel Brakes. ; 

The Bendix 3-Shoe Self-Energizing Brake is the outstanding 
contribution to stopping efficiency and motoring safety. It 
contacts 93% of the brake-drum area. It translates the mo- 
mentum of the car into “stopping action;” multiplies a light 
foot pressure into a powerful, smooth braking force, free 
from jars, grabbing, and dangerous skids. 

And Bendix Mechanical operation is certain, positive, 
never-failing. 

More than a million and a half wise motorists find in the 
name Bendix an adequate answer to all questions about brakes. 


BENDIX BRAKE COMPANY 
General Office and Plant: South Bend, Indiana 


Division of Bendix Corporation, Chicago 
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Nine Technical Sessions Announced 


Twenty-One Papers and Addresses Scheduled for Summer 
Meeting—More Than 900 Reservations Filed 


With more than 
d yh. 900 reservations 
He: received for the 
Summer Meeting 
at Quebec, June 26 
to 29, the biggest 
Summer Meeting 
ever held by the 
Society is definitely assured. It is ex- 
pected that all of the 1100 rooms and 
baths available at the Chateau Fron- 
tenac will be engaged before the open- 
ing session on Tuesday evening. 
Although a larger number of the 
members than ever before will drive to 
the Summer Meeting, more special cars 
and trains will be assigned to the Sec- 
tions than heretofore because of the 
larger registration. The New York 
Special leaves Grand Central Terminal 
on Monday, June 25, at 3:07 p.m., and 
the Detroit Special leaves the Michigan 
Central Station at 1:45 p.m. the same 
day. Regular trains connecting with the 
New York Special leave the City of 
Washington at 9 a.m., and West Phila- 
delphia at 11:57 a.m. The special cars 
to be attached to the Detroit Special 
depart on Sunday, June 24, as follows: 
Chicago, 11:45 p.m.; Indianapolis, 
10:30 p.m.; Monday, June 25, Dayton, 
12:48 a.m.; Cleveland, 8:20 a.m.; and 
Buffalo, 2:00 p.m. The Cleveland and 
Buffalo cars connect with the Detroit 
Special at Toronto. 





RAILROAD CERTIFICATES 


Railroad certificates entitling mem- 
bers and their families to the 1%-fare 
rate for the round trip were mailed to 
the members about May 10. Tickets 
may not be purchased before June 22 
or after June 28. Pullman reserva- 
tions should, however, be made as early 
as possible so that sufficient special 
equipment can be made available on 
the S.A.E. Specials. 

In addition to the fare and one-half 
privilege, the railroads have also 
granted the 1 3/5-fare privilege, for 
which a 30-day limit for the return 
transportation is permitted instead of 
the 5-day limit for the 1%-fare cer- 
tificates. 


The final time-limit for leaving Que- 
bec allowed by the 1%-fare certificates 
is July 5. Validation of railroad 
tickets at Quebec will not be necessary. 
In buying tickets, members should 
specify the Canadian Pacific route. 

Special arrangements have been 
made by the Chateau for the customs 
inspection. All hand-baggage will be 
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inspected en route and special customs 
officials will be at the Chateau to in- 
spect the trunks shipped direct. On 
returning, trucks may be passed by 
the customs officials at the Chateau and 
shipped direct to their destination. 

The Canadian customs regulations 
permit each person leaving Canada to 
carry $100 worth of goods duty free. 
However, the American officials are 
supposed to limit the importation of 
certain goods. 


THE CHATEAU FRONTENAC 


The Chateau Frontenac is so differ- 
ent from the usual hotel that it deserves 
special mention in any advance story 
of the Summer Meeting. From the 


617 


river, looking up at the towering struc- 
ture above the retaining wall support- 
ing Dufferin Terrace, it is difficult to 
conceive of the Chateau as a twentieth- 
century building. The hotel is com- 
pletely fireproof, the old part de- 
stroyed by fire in 1925 having been 
entirely rebuilt. All of the public 
rooms, with the exception of the main 
lobby, overlook Dufferin Terrace and 
the St. Lawrence River. The total cost 
of the Chateau has been estimated at 
more than $10,000,000. As in all Cana- 
dian hostelries, light wines may be ob- 
tained with meals. 


THE TECHNICAL PROGRAM 


The final technical program is given 
on the following page. Abstracts of the 
papers are also printed herewith to 
give members an opportunity to decide 
which papers they desire to study in 
advance of the meeting. A form for 
requesting preprints is on p. 11 of the 
advertising section. Members desiring 
to take part in the discussions should 
obtain the preprints of papers in which 
they are interested. Although no 
definite date can be set on which pre- 
prints will be available, they will be 
mailed to those who request them as 
soon as they are received from the 
printer. 

Preprints of papers to be presented 
at the Research Session probably will 
not be available. 

As members have made hotel reser- 
vations for 14 children, the suggestion 
has been made that a special session 


For complete advance informa- 


tion on the Summer Meeting, see 
the March issue of THE JOURNAL, 
p. 293; the April issue, p. 403; 
the May issue, p. 503; the special 
S.A.E. Time-Table, mailed April 
4, and the Meetings Bulletin, 
mailed May 10. 



























June 26-29 





Tuesday, June 26 
2:00 P. M.—STANDARDS SESSION 
H. M. Crane, Chairman 
See p. 697 for Division Reports 
8:00 Pp. M.—GENERAL SESSION 


President W. G. Wall, Presiding 
Address—President W. G. Wall 
Address—Major E. G. E. Beaumont, President of 
the Institution of Automobile Engineers 


The Engineer as a Business Man—Norman Shidle, 
Chilton Class Journal Co. 


Baron Shiba’s High-Speed Motion Pictures 


Wednesday, June 27 
10:00 a. M.—CHASSIS SESSION 
B. B. Bachman, Chairman 
Synchronism of Front Wheels—D. Sensaud de La- 
vaud 


Discussion of M. de Lavaud’s Annual Meeting paper 
on Independently Sprung Front Wheels as 
Remedy for Shimmy—Improvement of Suspen- 
sion and Steering. (Printed on p. 623) 

Legislation on Automobile Brakes—E. H. Lockwood 
and H. W. Best, Sheffield Scientific School 

European Roads and American Cars—Tore Fran- 
zen, Detroit Steel Products Co. 


2:00 P. M.—TRANSMISSION-PRODUCTION SESSION 
D. D. Ormsby, Chairman 
Ground Gears and Transmission Design—H. L. F. 
Orcutt, The Gear Grinding Co., Ltd. 


Prepared Discussion by P. L. Tenney of the 
Muncie Products Division of the General Motors 
Corporation 

Simultaneous Inspection and Correction of Gears 
in Production—Charles H. Logue and R. B. 
Fehr, Copland Gear Lapping Syndicate 


7:30 P. M.—BUSINESS SESSION 
President W. G. Wall, Presiding 
Reports of Committees 


8:00 P. M.—FOREIGN SESSION 
W. J. Davidson, Chairman 


The Airplane in Canadian Exploration—A. M. 
Narraway, Assistant Director and Chief Aerial 
Surveys Engineer, Topographical Survey of 
Canada 


Trend in European Passenger-Car Design—Maurice 
Platt, The Motor, (London) 


Quebec 


Thursday, June 28 


10:00 A. M.—ENGINE SESSION 
W. R. Strickland, Chairman 


A New Electrical Engine Indicator—Dr. E. J. 
Martin and D. F. Caris, General Motors Corpo- 
ration Research Laboratories 


Poppet-Valve Spring Design—Alfred Moorhouse 
and W. R. Griswold, Packard Motor Car Co. 
Methods of Obtaining Greater Power from Engines 


than Formerly—tT. J. Litle, Jr.. Marmon Motor 
Car Co. 

Crankshaft Distortion Research—C. A. Norman, 
The Ohio State University. (To be read by 
title only.) 


10:00 A. M.—TRANSPORTATION SESSION 
F. K. Glynn, Chairman 


Cooperation in Transport—Major E. G. E. Beau- 
mont, Anglo-American Oil Co. 


Motorcoach Operation—James L. Smith, Gray Coach 
Lines 


Motorcoach, Motor Truck and Railway—R. A. C. 
Henry, Director of the Bureau of Economics, 
Canadian National Railways 


2:00 P. M.—TRANSMISSION SESSION 
W. T. Fishleigh, Chairman 
The Sensaud de Lavaud Automatic Transmission— 
D. Sensaud de Lavaud 


Front Wheel Drives—Are They Coming or Going?— 
Herbert Chase, Erickson Co. 





8:00 Pp. M.—Bopy-DESIGN SESSION 
H. Ledyard Towle, Chairman 
The Basic Appeal of the Motor Car to Women with 
Relation to Body Lines and Interior Trimming— 
Paul Thomas, Style Expert and Sales Promo- 
tion Manager, Cheney Brothers Co. 


Friday, June 29 
10:00 A. M.—RESEARCH SESSION 
H. L. Horning, Chairman 
The Influence of Fuel Characteristics on Accelera- 
tion—Donald B. Brooks, Bureau of Standards 


Dew-Point and Vapor-Pressure Measurements of 
Gasoline—O. C. Bridgeman, Bureau of Stand- 
ards 


TO OBTAIN PREPRINTS OF PAPERS, CHECK AND MAIL LIST ON P. 11 OF ADVERTISING SECTION 
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be scheduled for kiddy-car design and 
operation. 


COMMITTEE MEETINGS 


In addition to the meeting of the 
Council, meetings of almost all the Ad- 
ministrative Committees of the Society 
will be held during the Summer Meet- 
ing. Members of these Committees 
will be notified on arrival at Quebec of 
the time and place for each meeting. 


SIGHTSEEING SCHEDULE 


Five organized sightseeing trips have 
been scheduled for the meeting as fol- 
lows: 

Tuesday, 2 p. m.—Trip in caleches 
around the Plains of Abraham and 
through old Quebec. 

Wednesday, 10 a. m.—Trip to Mont- 
morency Falls and Kent House. 

Wednesday, 3 p. m.—Visit to Spen- 
cerwood. 

Thursday, 2 p. m.—Trip to Ste. Anne 
de Beaupré. 

Saturday, 7 a. m.—Saguenay post- 
convention cruise. 


More than 50 


members have made 


Every member should 
attend the Summer Meet- 
ing at Quebec in order to 
hear and take part in the 
discussion of the impor- 
tant papers that will be 


presented. It is a duty 
you owe your company 
and yourself. More en- 
gineers and executives are 
attending this year than 
ever before. — W. G. 


WALL, President. 





reservations for the post-convention 
cruise down the St. Lawrence River to 
Cape Eternity and Tadousac, and up 
the Saguenay River to Chicoutimi. 

Members may also wish to make a 
special trip to Murray Bay, where the 
golf course is reported to be on the top 
of a mountain. 


THE COUNTRY FAIR 


Members who have sent in their res- 
ervations for the Summer Meeting 
have received the announcement pre- 
pared by the Country Fair Committee. 
This event will be held on the first 
evening of the meeting. Committees 
appointed by the various Sections have 
arranged for special Section stunts for 
this affair. 


DELCO-REMY TO PUBLISH THE 
Daily SAE 


No Summer Meeting would be com- 
plete without its Daily SAE devoted 
to the sense and nonsense of the meet- 
ing. The Meetings Committee is 
pleased that the Delco-Remy Corp. will 
again undertake the Daily SAE. It 
is understood that this year it will 
come out in slightly different dress and 
with a distinct change in character 
from those of former years. The fact 
that adequate printing facilities are 
conveniently located in Quebec will 
make the midnight Paul Revere rides 
of previous years unnecessary. 


Abstracts of Technical Papers 


GENERAL SESSION 
Tue EncINEER As A Business MAN 


NORMAN G. SHIDLE 


Premising that the fundamentals which 
govern business progress for people in gen- 
eral are applicable to engineers, the author 
discusses some of the factors that are in- 
fluential in determining success or failure. 

The engineer is cautioned against con- 
sidering as something apart from his 
job the difficulties he encounters in 
dealing with the individuals in his own 
department and in his contacts with 
those in other departments. It is 
pointed out that if persons and circum- 
stances cramp his style for any extend 
ed period the fault probably is not with 
the other persons, the other depart- 
ments, or the management, but with the 
engineer himself, because the perfect- 
ing of conditions under which he can 
fulfill his greatest mission is essentially 
a part of his own job. 

Included in the paper are such topics 
as the engineer as a salesman within 
his own organization, that is, a sales- 
man of his ideas to his associates and 
to the management; the relative in- 
articulateness of engineers and the ex- 
tent to which it hampers the progress 
of individual engineers; the relation 
between engineering and the sales de- 
partment; and the inferiority complex 
as an obstacle to success. 

Emphasis is placed on the idea that, 
in the future, engineering thinking 
must be business thinking. 
The engineer must think as a 
business man who sees his en- 
gineering program as an in- 
tegral part of that business 
which provides not only his 
living but his opportunity for 
service, and who realizes the 


necessity for trying to understand manage- 
ment problems as well as strictly engineer- 
ing problems. 


CHASSIS SESSION 


AUTOMOBILE BRAKE LEGISLATION 


E. H. LOCKWOOD AND H, W. BEST 


This paper discusses safety of brake 
equipment as a joint problem for the manu- 



























facturer, the motor-vehicle administrator and 
the car user. It is pointed out that four- 
wheel brakes, which had become standard 
equipment for new automobiles by the end 
of 1927, introduced the safety element of 
the ability to make an emergency stop in 
about one-half the former distance and at 
the same time lessened the tendency of the 
car to skid. Other safety elements that should 
be contained in the brake mechanism are 
mentioned also. 

Present brake laws, enacted during 
the period of two-wheel brakes, pre- 
scribe that all automobiles shall be 
equipped with two sets of brakes hav- 
ing separate means of application. The 
laws have been complied with by the 
ordinary two-wheel brakes, but have 
been technically violated by many of 
the four-wheel brake mechanisms, in 
which the two sets of brakes are not 
separately applied. The violation has 
occurred in this Country and in Eu- 
rope, the violators being some of the 
best-known makes of automobile. This 
situation has been met by the motor- 
vehicle departments in a broad-minded 
‘way by registering the cars in question 
provisionally, pending final decision of 
the technical violation. 


The Eastern Conference of Motor 
Vehicle Administrators recently ap- 
proved a _ proposed new brake-law 


which will be reported to the member 
States and Canadian Provinces for 
legal enactment. 

The proposed law is quoted by the 
authors, with approval of its provisions 
as well adapted to present mo- 
tor-vehicles. Exception is taken 
to one clause, which apparent- 
ly requires that the two sets of 
brakes shall be separately ap- 
plied and thus may cause near- 
ly the same embarrassment as 
present laws. It is argued that, 
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in four-wheel-brake mechanisms, separate 
operation of the service and parking brakes 
adds to the complication of the mechanism 
without adding essentially to its safety. The 
importance is urged of cooperation between 
automobile manufacturers and the State 
motor-vehicle departments in solving prob- 
lems relating to the safer operation and 
control of motor-vehicles on the public 
highways. 


EurRoPpEAN Roaps AND AMERICAN Cars 


TORE FRANZEN 

This paper covers the findings resulting 
from a first-hand study of European motor- 
car suspension problems, with particular 
reference to such complaints as “weak 
springs” and “striking through” as they re- 
late to American cars. Some suggestions 
and proposed solutions of a general nature 
are indicated. 


TRANSMISSION-PRODUCTION 
SESSION 


Grounp-GEaRs AND TRANSMISSION DESIGN 
H. F. L. ORCUTT 
Ground teeth for transmission gears are 


advocated because they can be made to the 
same degree of accuracy as the other fine 
working-parts of a motor-car. 

The designing engineer is held responsi- 
ble by the production department for con- 
ditions unfavorable to the adoption of gear 
grinding. Mr. Orcutt believes that cluster 
gears should be avoided because it is im- 
possible to finish them accurately. 

Designs are recommended that will provide 
ample center distance to avoid pinions with 
a small number of teeth. The unmodified 
involute is recommended as the most sat- 
isfactory form of tooth. 

Fundamental principles of rigid shafts 
and correct bearing-arrangements are laid 
down, and the degree of accuracy is speci- 
fied for the fitting parts. Transmission-case 
design still needs development and study to 
avoid resonance. 

Spigot bearings receive special considera- 
tion. Two designs of transmissions are sub- 
mitted, in one of which the spigot bearing 
is eliminated. Simplification is sought by 
reducing the number of gear sizes used. 
Four-speed transmissions require gears with 
only four different numbers of teeth. 


SIMULTANEOUS INSPECTION AND CORRECTION 


oF GEARS IN PRODUCTION 


CHARLES H. LOGUE AND R. B. FEHR 


The gear-correcting process described is 
a means whereby spur and helical gears are 
corrected to give such a high degree of uni- 
formity in spacing and profile that the gears 
become interchangeable. Most important, 
they acquire a “crown face” which enables 
them to run with an unusual degree of 
quietness under practical conditions. This 
is essentially an inspection-correction proc- 
ess, as it automatically finds and at the same 
time eliminates errors. 

The important element of the process is 
the lap, which is of chilled cast-iron, gray 
cast-iron, or type metal, and is made by 
casting in a sand mold around a steel chill 
which is cut to approximate the gear to be 
corrected, but has a face-width several times 
that of the gear. When completed the lap 
looks like a wide-faced internal gear. 

The gear-correcting machine is of rela- 
tively simple construction and performs three 
main functions: (a) It provides reciprocat- 
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ing motion for the gear, (6) it causes mu- 
tual pressure between the faces of the gear 
teeth and the lap, and (c) it advances the 
gear one tooth with respect to the lap at the 
completion of every cycle, thereby assuring 
uniformity of spacing and contour. 

Unlike the many instruments and meth- 
ods that have been devised for merely de- 
tecting the errors in gears, the Copland 
inspector-corrector not only inspects the 
gears but corrects them after all other op. 
erations, including heat-treating, have been 
performed. It will do this work, according 
to the authors, without adding to the total 
cost of the gears, for the feeds of the gear- 
cutting machines can be increased consid- 
erably, thus compensating for the time re- 
quired by the gear-correcting operation. The 
resultant gears will be interchangeable, thus 
eliminating almost all matching-up and re- 
jections in the final tests. 


FOREIGN SESSION 


THE AIRPLANE IN CANADIAN EXPLORATION 


A. M. NARRAWAY 


The remarkable advance in the science of 
aviation throughout the world during the 
last five years has opened up new areas in 
development for many countries. This is 
true particularly for Canada, where previ- 
ously considerably more than 80 per cent of 
the country was unmapped because of its 
inaccessibility, and the tremendous natural 


resources lying undeveloped were only 
slightly known. Aerial surveys are now 


bringing these resources to light. They are 
enabling expert examiners, for the first time 
in history, readily to search them out, and 
they allow’ investigations of detail to be 
combined with permanent records reveal- 
ing a birds-eye view of the whole of an 
area. 

Canada has been using the airplane as a 
workhorse rather than a racehorse. This 
new arm of the Service has been developed 
so successfully in Canada that it has suc- 
ceeded in almost completely revolutioniz- 
ing natural-resources investigations as well 
as mapping. During the last five years 
more than 200,000 sq. miles of hitherto in- 
accessible forest and mineral areas have 
been successfully and accurately mapped by 
methods originated and developed in the 
Dominion. This has enabled the introduc- 
tion of and given an impetus to the pro- 
duction of the national topographic map of 
Canada by a uniform and coordinated sys- 
tem of mapping throughout the whole coun- 
try. 

In addition to and apart from this map- 
ping work, many specific applications relat- 
ing to geological, water power, forestry, and 
other investigations have been made _ pos- 
sible. One of the most notable has been the 
classifying by type of more than 50,000 sq. 
miles of forested lands in the interests of 
development and protection. 

There is no doubt that aerial surveys are 
moving ahead the development of the nat- 
ural resources of the country by at least 
a generation. A very real need exists for a 
really practical airplane having ample en- 
durance to take advantage of all the clear 
photographic weather and _ having 
visibility factors to enable good navigation 
to be done. 


good 


CurrENT AUTOMOBILE PRACTICE IN EUROPE 
MAURICE PLATT 


The paper is divided into four sections, 
the first of which classifies popular chassis 


types and gives their outstanding features 
of design, dimensional details, performance 
figures and other statistics. In the second 
section the principal trends in chassis de. 
sign are described, such as the increased use 
of six-cylinder engines, servo braking, and 
one-shot chassis-lubrication systems. The 
trends in these and in matters of detail de- 
sign for the last five years are shown by 
graphs. 

Developments in body work and equipment 
are described in the third section, which 
deals with rigid and flexible fabric-covered 
bodies, fashions in style and appearance, 
sunshine salons, permanently fitted luggage. 
containers, dip-twist head-lamps and so on, 

The fourth section consists of a brief sur. 
vey of chassis changes which are on the 
tapis and undergoing experiment, such as 
free-wheel transmissions, independent wheel- 


springing, supercharging, oil radiators, and 
front-wheel drive. 
ENGINE SESSION 
A New Type or EtectricaL ENGINE- 
INDICATOR 
E. J. MARTIN AND D. F. CARIS 
The qualifications of a satisfactory engine 
indicator are listed, emphasis being placed 


upon fundamental qualifications rather than 
on those which might lead to ease of opera- 
tion only. Indicators heretofore developed 
are classified and the more successful ones 
in each class are described and discussed 
briefly to lead the reader to an appreciation 
of indicator problems and _ the 
used in attempts to solve them. 

The operation of the new electrical indi- 
cator then described and illustrated depends 
upon the variation of resistance in two car- 
ben piles which form two branches of a 
Wheatstone bridge. The pressure element 
is a thin steel disc mounted flush with the 
inner wall of the combustion chamber. The 
disc is connected by means of an invar rod 
to a cantilever spring, the movement of which 
causes a variation of the resistance of the 
carbon piles. The spring is so designed that 
maximum pressures produce displacements 
than 0.0005 in. With such an ar- 
rangement, practically all of the elastic re- 
storing forces are in the spring; the dia- 
phragm being used merely as a seal, the 
elastic constants of which may be neglected. 

Diagrams are recorded by means of either 
an ordinary oscillograph or a cathode-ray os- 
cillograph, the latter being portable and 
easily operated. A number of diagrams 
taken with the new indicator illustrate its 
performance under various conditions. Dia- 
grams taken under conditions of violent de- 
tonation are smooth in outline, and the work 
done with the new indicator up to the pres- 
ent indicates that, if a “detonation wave’ 
exists, it is of such a nature that it has not 
been recorded by any indicator yet developed. 

The new indicator units used up to the 
present have natural frequencies above 3000 
cycles per sec., a feature which enables the 
faithful recording of phenomena having fre- 
quencies as high as 800 cycles per sec. Other 
units are being constructed which will be 
capable of recording accurately frequencies 
of several thousand cycles per second. With 
the new units and the cathode-ray oscillo- 
graph it is expected to investigate still fur- 
ther the nature of detonation. 

Work is now being done toward the de- 
velopment of an indicator unit that will 
combine the functions of an indicator and a 

(Continued on page 689) 
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Chronicle and Comment 





“\,N behalf of the officers of the Society, 1 wish to 
() congratulate the retiring Section officers for their 
splendid work. It is hoped that they will feel compen- 
sated for their efforts by the realization that their ac- 
tivities have been of inestimable value not only to the 
members of their own Sections but, through the medium 
of the S.A.E. JOURNAL and otherwise, to the entire So- 
ciety. 

I wish to take this opportunity to assure the incoming 
Section officers of our heartiest support as they assume 
their new duties. I consider the Sections the backbone 
of the Society, and I feel confident that the officers 
chosen to conduct the affairs of the various Sections 
during the coming year will distinguish themselves by 
their able leadership.—W. G. WALL, President. 


Nine Hundred Reservations for Quebec! 


HE question with regard to the Summer Meeting 

at Quebec is becoming not so much one of whether 
you are going to Quebec as whether you will be able to 
secure the reservation you want. Nine hundred reser- 
vations were received as a result of the first Meetings 
Bulletin, and it is expected that the Chateau Frontenac 
will be booked to capacity before the special trains leave 
for Quebec. No reservations will be made for members 
in any other hotels, as suitable accommodations cannot 
be obtained. 

The Meetings Committee is to be congratulated on 
the excellent technical program that has been arranged 
and for the other events that will make the 1928 Sum- 
mer Meeting memorable. Detailed information regard- 
ing the meeting is given in the leading articles in this 
and the May issues of THE JOURNAL. 


Detroit Section Takes the Lead 


()* April 25 the Detroit Section passed the Metro- 
politan Section, the standing of the two Sections 
on June 1 being 931 members in the Detroit Section 
and 897 in the Metropolitan Section. The Metropolitan 
Section had been leading since October, 1927, but with 
the increased Section activities in Detroit it was in- 
evitable for the Section there to win, the potential 
Society membership in Detroit being much greater than 
that in New York City. There is good reason to expect 
that the Detroit Section membership will reach 1500 
within the next 2 or 3 years. 

The main reason for the success of the Detroit Sec- 
tion, which during the last year has had an aggregate 
attendance of close to 6000 at its meetings, and an aver- 
age attendance of about 475, was admirably stated by 
B. J. Lemon, upon his accepting the chairmanship of 
the Detroit Section for next year, at the May 7 meeting. 
He said in part: 

The factor that I believe has been most responsible 
for the success of the Detroit Section is the leadershiv 
of Walt Fishleigh. His was the real leadership—not 
a dictatorship; a leadership which spelled enthusiasm 
for the cause; a leadership which meant attention to 
minute details; a leadership which meant speaking 
what he thought was the truth today and taking it 
back tomorrow if necessary. His leadership showed 


no cant in righteousness, no pedantry in scholarship, 
no pretension in friendship. He is a man who has 
grown by the responsibilities placed upon him—the 
burden of S.A.E. work. He put his powers cut at 
interest and reaped usury in kind. His praise for the 
members of the Section at each meeting has helped 
each of us to come through with better and steadier 
work. He found no antidote for personal worry, and 
we all know that he had personal worry to match that 
of hard work at important tasks which burdened his 
mind beyond the ordinary views of personal worry. 


Growth of the Society 


HE accompanying chart, showing the increase of 

members on the rolls of the Society since 1909, indi- 
cates the growing appreciation of the value of the work 
done by the Society. It also reflects the work of the 
Membership Committee in bringing the Society’s activi- 
ties to the attention of the engineers and executives of 
the industry. The activities of the Sections also have 
been largely responsible for the increase in Society 
membership. 


7000 
6000 
5000 
4000 
3000 
2000 
1000 


° 
1909°10 12 715 14-1 16 IT 1G 19 1920 21°22 25 24°25 26 "27 1928 


The rate of increase has been almost constant during 
the 18 years. The drop in 1921 was due to adverse in- 
dustrial conditions. 


Proposed New Form for Transactions 


PON recommendation of the Publication Commit- 
tee, of which John Younger, of Ohio State Uni- 
versity, is chairman, the Council is considering the 
publication of future Parts of TRANSACTIONS in the 
same page-form as THE JOURNAL. The over-all dimen- 
sions contemplated for TRANSACTIONS are 81% x 10% 
in., the present dimensions of THE JOURNAL, 834 x 1114 
in., to be continued. The smaller size of TRANSACTIONS 
would be made possible by dropping three type-lines 
from THE JOURNAL page and having narrower margins. 
The proposed form for TRANSACTIONS will make it 
possible to use the same page make-up as in THE JouR- 
NAL and will save some expense and considerable time 
in the issuing of TRANSACTIONS. The Committee hopes 
that in the near future each Part of TRANSACTIONS can 
be issued within 3 months after the close of the period 
covered by it. It is expected that final action on the 
proposal will not be taken by the Council until the 
Summer Meeting at Quebec. Criticism of the proposal, 
or any suggestion in connection with publication of 
TRANSACTIONS, will be appreciated by the Publication 
Committee and the Council. 
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Military Mechanization 





By A. W. Herrineron' 





EXT month will mark the beginning of a military 
operation in which it is the patriotic duty of 
the automotive industry to cooperate with the 

Army. It is the first official opportunity afforded within 
the last decade for the industry to avail itself of the 
privilege of studying the military-transport equipment 
needs for all branches of the Service. 

Ten years have elapsed since we emerged from the 
maelstrom of the World War. The automotive indus- 
try has progressed greatly within that period. Our 
military leaders have had time to digest, to discuss, 
and to formulate tentative policies pertaining to the 
use of all classes of mechanical devices by our Army. 
These studies have resulted in a determination to test 
the more modern mechanical equipment now available 
under actual field-service conditions. 

The automobile, the motorcycle, the motor-truck, the 
tractor, the tank, and the airplane are items of equip- 
ment which the Army will always obtain from our in- 
dustry, in moderate quantities in time of peace, but to 
the limit of our productive capacity in time of need. 
In compliance with the instructions of our progressive 
Chief of Staff, General Charles P. Summerall, a test of 
such equipment will be held at Camp Meade, Md., start- 
ing in July. The operation will be under the command 
of the commanding general of the Third Corps Area. 

An effort will be made to determine the basic prin- 
ciples governing the mechanization of our military 
forces by practical tests in tactical and strategical 
employment of both equipment and organizations. 
Operations will be held over terrain sufficiently varied 
and difficult, and under all conditions of weather, to 
determine the limits of mobility of the various classes 
of vehicle. Comparisons will be made between motor- 
driven and animal-drawn equipment. It is hoped that 
it will be possible to obtain for this purpose at least a 
limited supply of motor-transport equipment of recent 
design. 


WAR AUTOMOTIVE EQUIPMENT DEPLETED 


The war surplus of motor equipment with which our 
Army was surfeited is rapidly becoming depleted. 
Within the next year a program of replacement of all 
classes of equipment will be undertaken. The results 
of this test operation will be used to determine types, 
specifications and performance requirements of mili- 
tary motor-transport equipment. 

Invitations are being issued by the chiefs of the 
Army supply branches to all manufacturers whose 
products are susceptible of military employment. If 
any company is interested and has not received such 
an invitation, an inquiry addressed to the Quarter- 
master General of the Army, Washington, will bring a 
prompt reply. 

An opportunity will be afforded to study the require- 
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ments of the infantry, the field artillery, the coast ar- 
tillery, the cavalry, the Corps of Engineers, the Signal 
Corps, the Air Corps, the Medical Corps, the Ordnance 
Department, and the Quartermaster Corps. Detach- 
ments of personnel from each of these services are 
undergoing special training at present preparatory to 
the maneuvers. 

In view of the accessibility of the test location, it is 
hoped that all manufacturers will avail themselves of 
the opportunity to send representatives of their en- 
gineering departments to observe these trials. Un- 
doubtedly many among the younger engineering execu- 
tives of the industry have had actual field experience 
in the American Expeditionary Force. Such experience 
will be found invaluable for a sympathetic comprehen- 
sion of the equipment problems with which the military 
authorities are confronted. When the United States 
entered the World War, it could be noted that the 
civilian engineers whose opinions were at the greatest 
variance with those of the military authorities were 
those who had never observed, or who chose deliberately 
to ignore, the recorded experience of the Mexican Bor- 
der operation in 1916. 

Military men realize that in any future emergency 
full reliance must be placed upon those types of motor 
equipment that are immediately available from com- 
mercial production. The A. E. F. experience, tempered 
by 10 years of sober consideration, has brought the 
military mind to a fuller and more complete under- 
standing of the automotive industry and of the adapta- 
bility of its products to military use. The Secretary 
of War has, as a component part of his office, a group 
of officers whose duty it is to keep fully abreast of the 
latest developments in industry. The mere recording 
of this progress is not sufficient, hence this decision to 
hold actual field-tests that the more intangible prog- 
ress in improvement of mobility and durability of the 
various items of equipment may be properly evaluated. 

Aside from any consideration of possible pecuniary 
profit or education, there exists in the interest of pre- 
paredness a patriotic duty on the part of the automo- 
tive industry to support and attend these maneuvers. 
In view of the active part which the Society of Auto- 
motive Engineers took during the World War, it is 
hoped that the visiting list at Camp Meade will show 
the attendance of a representative gathering from our 
Society. 

The Army will welcome the advice of the engineer- 
ing mind in its attempt to formulate a proper trans- 
portation policy for the future. The issue is rather 
sharply drawn. One school of thought maintains that 
in the future the movement of troops and materials 
must depend upon self-propelled vehicles. The oppo- 
site viewpoint is that conditions of terrain and climate 
will be such that self-propelled vehicles are not suffi- 
ciently mobile and that the older means of transporta- 
tion cannot safely be abandoned. 


Independently Sprung Front Wheels 
a Remedy for Shimmy 


By D. Sensaup DE Lavaup' 
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f bws paper is an attack on the usual system of 
front suspension of an automobile and a proposal 
to substitute independently sprung front wheels for 
the conventional assembly of wheels, rigid axle and 
semi-elliptical springs. 

Mounting of the front wheels on a solid axle is a 
survival of horse-drawn-vehicle days and is asserted 
by the author to be so unsatisfactory from the stand- 
point of rational mechanics that it should long ago 
have become a memory in the automotive industry. 
To the complex actions and reactions of the axle, 
oscillating between the springs and the tires, and of 
the wheels, with their gyroscopic effects, are attrib- 
uted the phenomena of shimmy and wabble that have 
become so disconcerting and even dangerous since 
the advent of low-pressure tires and front-wheel 
brakes. 

The origins of the various abnormal vibrations are 
analyzed, the effects of damping and of friction are 
discussed, and the part played by the conventional 
steering-gear and steering connections is considered. 


HEN the first gasoline engine was put on 
wheels, certain features directly derived from 


horse-drawn vehicles were retained, and many 
of these features have been continued without change. 
Among them is one which is particularly deplorable, 
although its defects were hardly noticed at first and 
have been made to stand out only as the speed of auto- 
mobiles has increased and as the desire for comfort has 
grown. I refer to the usual practice of mounting the 
two front wheels of an automobile on a solid axle, while 
leaving each one free for the necessary movement for 
turning the car. 

If pains are taken to analyze the conditions under 
which such an arrangement must work in the normal 
operation of a motor-vehicle, it appears so unsatisfac- 
tory, from the strict standpoint of rational mechanics, 
that it should long ago have become nothing more than 
a memory in the automotive industry. The various and 
serious inconveniences which are the inevitable conse- 
quence of such an arrangement have not, up to the 
present, been attributed to their real cause. For this 
reason attempts have been made to lessen the trouble, 
rather than to abolish it, by empirical remedies which 
generally have only added other incorrect principles. 

To summarize, my paper is really an attack on the 
usual system of front suspension of an automobile. 
Studying the matter from a scientific standpoint, I hope 
that you will conclude with me that this system should 
be condemned without appeal. ' 

Unfortunately, it is impossible to analyze critically 
the various phenomena, at times very disconcerting, 
which are induced by the usual system of front sus- 
pension, without entering into arduous and delicate 
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A distinction is drawn between damping and fric- 
tion; the stabilizing effect of rake of the steering 
pivot and of deformation of the tires is explained; 
and the ineffective part played by friction shock- 


absorbers and by interleaf friction in the springs is 
described. 


Rigidity and irreversibility of the steering mech- 
anism are said to be most likely to induce shimmy at 
normal speeds with balloon tires and front-wheel 
brakes; hence the author advocates increasing the 
reversibility to the fullest practical extent and making 
the steering linkage sufficiently elastic. 

The only specific remedy for abnormal front-end 
vibrations is, the author asserts, the adoption of cor- 
rect independence of the front wheels, and he shows 


and describes a design that he has developed for such 
a construction. 


He does not regard a similar independent suspen- 
sion for the rear wheels as very desirable, but if 
such a suspension is to be used, he thinks it is better 
to adopt a split rear axle. 


analysis and rational mechanics. It is my intention, 
however, to pass by practically all the formulas and 
mathematical developments and to offer only general 
ideas, the origins of the phenomena, and the conclusions 
of the long experiments I have devoted to this impor- 
tant question. All the theoretical proofs of these prin- 
ciples are reviewed in two communications I have made 
to the French Academy of Sciences. 

Summarizing, it may be stated that the usual system 
of front suspension represents such a defective mechan- 
ical element wholly because it allows the rotating wheels 
to put into play gyroscopic effects that are always vio- 
lent and dangerous. 

I shall first show how these intervene in the ab- 
normal vibrations at the front end of a car. These 
vibrations can attain a dangerous violence either by 
reason of a resonance which results in wabble or 
shimmy, or by reason of vibrational instability due to 
gyroscopic excitation. 

I shall indicate, after this, the way in which these 
gyroscopic reactions permanently hamper the steering 
of the car and reduce its stability. 

Finally, I shall place in its proper light the problem 
of front suspension by independent wheels. If there is 
a tendency at present to recognize the undoubted in- 
terest in such a system, the real motives have not yet 
been discerned. This is one of the chief causes of 
tinkering and uncertainty, whereas the path of prog- 
ress is, in reality, marked out clearly and brilliantly. 


1—ABNORMAL VIBRATIONS OF FRONT END 


Experience has shown that the abnormal vibrations 
of the front end of a car are characterized particularly 
by a distinct oscillation of the axle between the springs 
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and the tires, around a longitudinal axis. At the same 
time the two front wheels are affected by a conjugate 
flapping motion around their pivots, and this transmits 
alternate rotations to the steering-wheel and causes the 
car to advance in a series of elongated zigzags, easily 
recognized by the traces of the wheels on the ground. 
The intensity of this phenomenon is sometimes suffi- 
cient to set up violent bouncing of the front wheels 
on the ground in a frantic rhythmic dance. Under 
these conditions, it soon becomes dangerous or even 
impossible to drive the car. 

Other movements are superposed: a translatory move- 
ment of the axle; rolling, pitching, and galloping of the 
chassis. These are parasites; they are secondary and 
do not appreciably interfere with the fundamental 
movements. The analysis should, therefore, be directed 
toward the natural and forced oscillations of the front- 
axle assembly around a longitudinal axis through its 
center of gravity. The conclusions are so definite that 
they explain completely the results of observations 
which have often proved puzzling and apparently in- 
coherent. 

The common type of front axle constitutes a double 
oscillator, having freedom of movement of two kinds. 
One of these corresponds to the oscillations of the whole 
of the axle and of the wheels between the tires and the 
springs. The other utilizes the ability of the wheels 
to oscillate around their pivots, thus rotating the steer- 
ing-wheel by reason of the reversibility of the steering 
connections. In addition, the individual oscillators, the 
axle and wheels, react one on the other by gyroscopic 
reaction, as it is impossible for one to move without 
carrying the other with it. 

We thus have the case of a double oscillator with 
reciprocal reactions. In reality, if the analysis is quite 
rigorous, it is a triple oscillator, with three kinds of 
freedom which must be studied, the constitutive ele- 
ments of which are the axle, the wheels, and the chassis. 
The last mentioned, by reason of its roll due to alterna- 
tive centrifugal forces, reacts on the axle through the 
intermediary of the springs. As the mass of the loaded 
chassis is very considerable, compared with that of the 
front-axle assembly, it can be argued with sufficient ex- 
actness that the chassis possesses relative immobility. 
In making my calculations upon the whole subject, I 
have, indeed, proved that this hypothesis is correct. As 
a consequence of this, we are required only to consider 
the two fundamental kinds or degrees of liberty of the 
front axle. 


THE THREE GYROSCOPIC COUPLES 


If the axis of rotation of a revolving body is subject 
to a simple movement, nothing more happens than if 
the body is immobile. The conditions are quite differ- 
ent, however, when the axis of rotation has an angular 
movement. There is then set up a gyroscopic couple 
which is proportional to the angular speed of the body, 
to that of angular movement of its axis, and to the 
moment of inertia of the body with respect to its axis 
of rotation. 

As the wheel constitutes a revolving solid turning 
rapidly around its axis, it is seen that when the front 
end oscillates three simultaneous deviations induce the 
three fundamental gyroscopic couples: 

(1) Deviation of the axle produces conjugated pre- 


cessions of the front wheels around their 
knuckle pivots 


(2) Deviation resulting from this common precession 
results in a resisting couple opposing oscilla- 
tion of the axle 

(3) The third deviation resulting from the gyrations 
of the vehicle as a whole in its zigzag move- 
ment gives rise to a gyroscopic couple acting 
on the axle 


The first gyroscopic couple, due to the deviation of 
the axle and proportional to its speed, vanishes when 
the axle attains its extreme positions and the speed is 
zero. At this moment the periodic precession of the 
wheels is not accelerated, so that its speed is at maxi- 
mum. The two wheels pass around their pivots at the 
same time into a position of equilibrium. As at this 
moment the elasticity of the steering-gear is null, the 
influence of its elasticity does not in any way modify 
this conclusion. In the same way, the wheels attain 
their greatest amplitude of precession each time the 
axle becomes horizontal. The movements of the axle 
and the wheels around their pivots thus become offset, 
the amplitude of one motion being proportional to the 
speed of the other. 

It results that the first two gyroscopic couples, of 
which one acts on both wheels and the other on the 
axle, while apparently proportional to the speed, are 
in reality proportional to the displacement of the part 
on which they act. Acting thus as elastic reactions, 
they have a direct influence on the periods of natural 
vibrations. At each instant, moreover, they transmit 
energy from the wheels to the axle and vice versa, con- 
jugating the flapping of the wheels without the neces- 
sity of causing the tie-rod or the knuckle-pin angle to 
play a part. 

The third gyroscopic couple, which sets up a move- 
ment of the entire vehicle, does not act at all in the 
same manner. If it is noted that the angular speed of 
gyration of the vehicle is proportional to the locking 
angle of the wheels, it may be concluded that the gyro- 
scopic couple of vehicular movements, acting on the 
oscillations of the axle, varies as the speed of its dis- 
placement. It is known that under these conditions it 
does not affect the periods of natural vibrations, which 
must be arrived at without it. Analytically, it acts as 
a damper, by an exponential multiplying the amplitudes 
the coefficient of which may be positive. 

This observation is important, for it indicates that 
the zigzag movement of the car intervenes directly in 
the stability of the vibrations, and that it can not only 
destroy the damping effect but provoke violent excita- 
tion. Its rdle in this respect is essential and explains 
very clearly the abnormal vibrationary phenomena 
which hypotheses of resonance cannot elucidate. 


PRINCIPAL VIBRATIONS 


Any natural vibration of an oscillating system having 
reciprocal reactions results from the superposition of 
simple vibrations, called principal vibrations, equal in 
number to the degrees of freedom. Each principal 
vibration may be obtained separately if the initial dis- 
placements of the oscillators are in fixed proportions 
with one of them. There are as many series of these 
proportions as there are principal vibrations and de- 
grees of freedom, the various oscillators then vibrating 
with the same period, which is one of the principal 
periods. When gyroscopic forces exist, as is the case 
here, the phases of the various movements are not in 
concordance. 
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Generally, when the initial conditions necessary to 
obtain a single principal vibration are not respected, 
and this is the case when the natural vibration is set up 
accidentally, an apparently very complex movement is 
set up, but this, in reality, only superposes the principal 
vibrations. A simple example will explain this some- 
what abstract idea. 

A ball oscillating at the extremity of a wire consti- 
tutes an ordinary pendulum. There is one degree of 
freedom, and therefore one period of oscillation, what- 
ever may be the starting point. This is evident and 
well known. 

Suppose a second pendulum is attached below the 
first one. We have then obtained two degrees of free- 
dom, with two oscillators having reciprocal reactions, 
since one cannot move without carrying the other along. 
There now exist two principal and distinct vibrations, 
each characterized by a fixed ratio of the initial ampli- 
tudes. If the pendulums are put into motion at one of 
these ratios, the two will oscillate together with a 
simple movement having a common period, which will 
be the principal period. 

One very important fact found in this problem snouiu 
be noted. The ratio of the amplitudes is positive for 
the principal vibration and negative for the other. In 
other words, suppose that when releasing the pendulum 
the upper pendulum is always left in the same position. 
The lower pendulum will have to be directed to one side 
of the vertical for a principal vibration and to the other 
side for the secondary vibration. This observation is 
of primary importance and will be referred to later. 

It is possible to generalize by attaching n pendulums 
in series one below the other. To the n degrees of 
freedom there correspond principal vibrations, the 
periods of which are all distinct. If we abolish one 
pendulum, the n-1 new periods are all comprised be- 
tween the old ones. 

The case of the front axle and wheels is of exactly 
the same nature. The visible réle of the wires, con- 
stituting the connections between the pendulums, is 
maintained here by invisible gyroscopic forces, which, 
however, have the same precision. The axle is one of 
the pendulums and the wheels the other. 

The front-axle assembly, which is a double oscillator 
with two degrees of freedom, possesses two distinct 
principal vibrations which may be superimposed with- 
out interference. When the axle passes through its 
median position, one of the front wheels is at its ex- 
treme position to the right and the other in its extreme 
position to the left. This observation is fundamental. 
Each time the vibrations are set up naturally, the two 
principal vibrations will exist simultaneously, but as 
soon as they have to intervene, the selection will take 
place exactly as if each set of vibrations were separate. 
This is evident, for there is no mutual interference. 

The principal periods, calculated without taking ac- 
count of the damping and friction action, are the roots 
of an equation of the second degree containing sym- 
metrically the imaginary individual periods Te and Tr 
of the axle and the wheels taken separately, by sup- 
pressing either the freedom of the wheels or that of 
the axle. These two periods are always comprised be- 
tween the two principal periods which, in consequence, 
enclose them. 

One principal period is generally very near Te and 
the other near Tr. In one case it is the axle which 
vibrates most, and in the other case it is the wheels. 
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Moreover, if the periods of the axle and the wheels vary, 
together or separately, the principal periods, while 
never equal, evolve in a continuous manner, one suc- 
cessively approaching Te and Tr, while the other is con- 
trary. This continuous change is a characteristic of 
principal vibrations and is met with in dealing with 
phenomena of resonance. 

The period Te depends chiefly on the weight of the 
wheels and the elasticity of the tires. Roughly, it has 
been doubled by the adoption of low-pressure tires and 
front-wheel brakes. The period Tr is a function of the 
weight of the wheels, of the distance between steering 
pivot and the center plane of the wheel, of the value of 
the pivot angle, of the elasticity of the steering linkage, 
of the reduction ratio of the steering-gear and of its 
degree of reversibility. This period evidently increases 
with the weight of the wheels, the distance between 
steering pivot and the center plane of the wheel, the 
elasticity of the steering-gear, its reversibility, its gear 
reduction and the lightness with which the wheel is held 
by the driver. Finally, it is strictly dependent on the 
pivot angle, diminishing as the angle is increased and 
as the speed of the car is increased. 


STABILITY OF PRINCIPAL VIBRATIONS 


The first fundamental problem in connection with 
principal vibrations is the study of their stability. It 
is a question which has not been raised up to now, for 
it is not one which strikes one at first sight; all the 
vibrations usually observed damp themselves out very 
rapidly if their oscilation is not sustained. However, 
the free oscillations of the front axle may sometimes, 
under the influence of the zigzag motion of the car, be- 
come greater and greater instead of damping them- 
selves, notwithstanding the natural damping and fric- 
tion, without any outside agency maintaining them. 

The mathematical analysis of this curious phenome- 
non is, one must admit, rather a delicate matter, but 
with a little reflection the results become almost evident 
without the help of any formula. 

The gyroscopic couple, due to the alternating gyratorv 
motion of the car in its sinuous movement, is, as I 
have stated, in proportion to the deviation of the front 
wheels round their pivots. It is therefore in different 
directions for the two principal vibrations, since, with 
the axle in the same position, the wheels are locked to 
one side for one vibration and to the other side for the 
other vibration. There is no objection to reasoning as 
if the principal vibrations existed separately, since they 
are superimposed without interference. That, indeed, 
is the direct consequence of the fact that the simultane- 
ous differential equations of the movement are linear. 
The gyroscopic couple of propulsion, which affects the 
axle, changes in direction as the side to which the wheels 
are locked changes, and it is thus necessarily transmit- 
ting energy for one principal vibration and resisting 
for the next. One vibration will be continuously ex- 
cited, while the other will be damped. This forced 
damping will only superimpose its effect on that of the 
natural damping and friction. 

Calculation shows that the vibration which will be 
excited is always that of higher frequency; that is to 
say, that possessing the faster rhythm. The successive 
amplitudes of the axle and of the wheels are, for each 
of the two vibrations, multiplied by an exponential fac- 
tor, for which the coefficient of time is negative as re- 
gards the lower frequency vibration and positive for 
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the other. In such a case it is the factor of excitation 
which increases slightly more rapidly than the cube of 
the forward speed and in inverse proportion to the 
difference of the squares of the principal frequencies. 

It is then evident that if the axle, after a precession, 
moves in any manner whatsoever, the gyroscopic couples 
will at first superimpose themselves without interfer- 
ing with each other in any way. That of lower fre- 
quency diminishes at once and disappears, the other, 
on the contrary, has a tendency to grow greater and 
greater without interruption. An immediate and auto- 
matic selection has taken place; only one principal vi- 
bration persists after a very short time. It can then 
increase very fast and in a manner which must quickly 
make it dangerous if the exciting action is greater than 
the natural damping action and the constant friction of 
the shock-absorbers. 

I must now define very clearly the circumstances un- 
der which such a possibility exists by examining in 
succession the parts played by the damping and friction. 
It is desirable, but often neglected, to make a distinc- 
tion between friction and damping, which do not both 
act in quite the same manner. 

A frictional resistance is constant, opposed to the 
displacement speed which causes it and altering its 
direction in conformity with it. A damping resistance 
is proportional to the speed of displacement. On 
the one hand, there is the damping effect on the axle 
due chiefly to the deformation of the tires. On the 
other hand, the front wheels, in their motion round the 
pivots, are damped as a result of the rake of the steer- 
ing pivot. Indeed, when entering a curve, the center of 
gravity of the vehicle is subjected transversely to a 
centrifugal force which is proportional to the locking 
angle of the front wheels as well as to a force of inertia 
which varies according to the speed of the locking of 
the wheels. The latter. is the cause of lateral reactions 
on the road surface which have a damping quality 
around the pivots. 

Both the axles and wheels thus possess individual 
damping factors. It can be shown that each intervenes 
separately for a principal vibration with very little in- 
terference on the second. A gyroscopic excitation is 
shown by analysis to manifest itself as a negative 
damping. The damping factor of the excited vibration 
has simply to be deducted from that of the excitation. 
If the higher vibration frequency is in close relation to 
that of the wheels on their pivots, the strong damping 
effect on the wheels will overcome excitation, provided 
the rake is sufficient, and stability will be the rule. 

However, this corresponds with a steering-gear pos- 
sessing little elasticity and is decidedly unfavorable as 
regards shimmy when low-pressure tires and front- 
wheel brakes are adopted, as I shall show later. When, 
on the contrary, the highest frequency of vibration is 
very similar to that of the axle, instability will become 
possible at a certain speed, immediately the factor of 
excitation, which increases rapidly with the speed, be- 
comes greater than the damping factor. One must not 
forget that, under these conditions, with low-pressure 
tires and front-wheel brakes which reduce by one-half 
the frequency of induced vibrations, all other conditions 
remaining as before, the factor of excitation will have 
become three or four times as great. The self-excita- 
tion of vibrations is therefore likely to be mistaken for 
a direct consequence of the adoption of low-pressure 
tires and front-wheel brakes. 
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It remains for me, in order to elucidate the sequence 
of the phenomena brought into play, to determine the 
part. played by friction and represented almost entirely 
by the action of the shock-absorbers of the usual fric- 
tion type and, in a lesser degree, by the rubbing of the 
spring leaves on one another. 

By analysis, I have demonstrated that, so long as the 
initial amplitude of the axle vibration remains below a 
certain limit, which will be higher as the shock-ab- 
sorbers are adjusted more tightly, the successive oscil- 
lations of the axle and wheels are reduced, even when 
a state of self-excitation has been reached. But it is 
sufficient for the initial amplitude to exceed this ex- 
treme value, for any reason, to render the _ shock- 
absorbers powerless. The successive oscillations of the 
axle and wheels are, at the same time, increased, a little 
less rapidly however than if there were no friction. 
The principal vibration induced is then unstable; the 
successive amplitudes grow spontaneously in a manner 
which very rapidly becomes dangerous. What precedes 
calls attention to the fact that powerful damping alone 
is capable of preventing instability from manifesting 
itself at usual speeds. 

On the contrary, friction shock-absorbers do not act 
to prevent as regards the possibility of the phenomenon; 
they merely serve to make its appearance less likely. 
In other words, the instability of vibrations can always 
occur beyond a certain fixed speed whenever the damp- 
ing is not sufficient to prevent the excitation factor 
from becoming greater than the damping factor. Still, 
for this instability to manifest itself, it is necessary in 
addition that the angular oscillation of the axle or of 
the wheels should reach an amplitude which will be 
greater in the same proportion as the damping device 
is tighter. In this respect it is important to note that 
frictional shock-absorbers, such as are generally fitted, 
are not mechanically correct fittings and that their 
effectiveness is always irregular. 

It is a fact that when an axle is oscillating trans- 
versely it also has a parallel vibration. Shock-absorbers 
cannot simultaneously damp both movements; they act 
on one or the other but never on both at once. This 
drawback, which is very serious, is essentially due to 
the fact that their action is in no way dependent upon 
the rapidity of displacement of the friction discs; there- 
fore, if the shock-absorbers damp an angular displace- 
ment, they produce a couple which has no resultant and 
the translatory movement takes place freely. If, on the 
contrary, they damp the translatory movement, they 
bring about a resultant without a couple and oscillation 
is free to act. 

One may safely come to the conclusion that the action 
of the shock-absorbers on the angular oscillations of 
the axle are almost invariably discontinuous; there 
must therefore be certain critical moments when these 
oscillations are free to take up great amplitude. 

Hydraulic shock-absorbers are quite different, for in 
their damping effect their action depends on the speed 
of their displacement. They are therefore constantly 
able to cope with beneficial effect with both the angular 
and the parallel vibrations. Unfortunately, although 
their adoption is a rational mechanical application, it 
is exceedingly difficult to keep them perfectly oil tight 
in service. 

Finally, I would remark that one can consider that 
the gyroscopic excitement due to the zigzag movement 
of the car is productive of a suppression of damping as 
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regards the principal vibration possessing the highest 
frequency, and this action is greater in proportion as 
the car is traveling faster. Even in cases when the 
damping effect is greater, its effect is considerably 
diminished. This simple remark explains why a reso- 
nance of inexplicable intensity may, on investigation, 
prove to have an extremely small cause. It is due 
solely to the fact that it affects mechanism the damping 
of which is imperfect. 


FALSE SHIMMY 


I have given the appellation “false shimmy” to the 
manifestations of vibratory instability, as opposed to 
the shimmy which I define as a case of resonance. In- 
variably commencing at a certain fixed speed, it is suf- 
ficient for some outside cause to induce vibrations of 
sufficient amplitude for the succeeding oscillations to 
constantly continue increasing with an ever-increasing 
intensity. The violence and rapidity of this amplifica- 
tion are greater in proportion as the speed of the car 
is greater. 

At the same time as the axle vibrates, the flapping 
of the wheels around their pivots causes the car to 
acquire a zigzag movement which constantly increases. 
Under these conditions, the steering of the car rapidly 
becomes very trying and indeed dangerous. If one in- 
creases the speed, the disturbance becomes uncontroll- 
able; one must slow up, and steadiness will reappear as 
soon as damping is greater than excitation. The orig- 
inal speed may then be resumed and maintained just so 
long as a new outside cause does not reproduce an 
identical succession of phenomena. It is not a reso- 
nance and the balance of the wheels is not a factor in 
this case. An inequality in the road or several succes- 
sive inequalities may induce instability, especially if 
the latter, in successive jerks, act in synchronism with 
the principal period. Unequal pressure in the tires 
may be a determining cause of disturbance. 

The self-excitation of vibrations is also frequently the 
result of taking a sharp turn at high speed. It is evi- 
dent that centrifugal force then tends to throw the car 
toward the outside of the curve, so that the two tires 
on the inside of the curve are slightly less flattened and 
the two on the outside are flattened a little more than 
when the car is running straight. Consequently, the 
front axle inclines itself, rising at the end at the inside 
of the curve. This inclination will be further increased 
by the superimposed effect of the gyroscopic couple, 
which acts on the front axle due to the precession im- 
posed on the front wheels by the gyratory movement of 
the car. 

I shall now explain how one can obviate the insta- 
bility of the vibrations. 

First, it will generally be impossible at normal speeds 
if the stiffness of the steering-gear and its irreversi- 
bility are sufficient for the frequency of the vibrations 
of the wheel itself to be considerably greater than that 
of the axle. The induced principal vibration of greater 
frequency will then be considerably damped if the steer- 
ing rake is sufficiently large. Excitation cannot then 
get the upper hand at normal speeds and amplification 
will not take place. But, in the first place, such a con- 
dition is one of those most likely to induce shimmy at 
normal speeds with low-pressure tires and front-wheel 
braking. Secondly, rigidity and irreversibility are two 
factors which cause play in working parts in a very 
short time. Hence the initial conditions are no longer 


respected and one no longer eliminates the phenomenon 
he wishes to avoid. 

It is far preferable, by separating as far as possible 
the two principal frequencies, to lessen the excitation 
factor, which is in directly inverse proportion to the 
difference between the squares of these frequencies. It 
is therefore necessary to do exactly the opposite of what 
I have previously said, by adopting, when low-pressure 
tires and front-wheel brakes are used, sufficiently elas- 
tic steering connection and fairly reversible steering. 
Logically, these two conditions should go hand in hand, 
as will be made fully evident. 

Supporting the steering-gear arm on springs should 
be carefully studied. It is also advisable to increase 
the reversibility of the steering as much as is practical, 
even if this means adopting a very gentle-acting hy- 
draulic shock-absorber which can easily be made oil 
tight. The vibration induced will, in such a case, pos- 
sess a period very near that of the axle. Moreover, it 
is essential that the oscillations of the axle should be 
sufficiently damped. The use of rubber, such as is now 
obtainable, in the suspension is most beneficial. One 
can also use hydraulic or compound suspensions which 
are, by far, more correct mechanically. Please note 
also that the elasticity of the steering which I advocate 
is most favorable from all points of view, both in avoid- 
ing shimmy and increasing driving comfort. 


THE Two CRITICAL RESONANCE SPEEDS 


It is certain that the principal vibrations of the front 
assembly can be effected only by instability or by reso- 
nance. Having studied the first phenomenon, I shall 
proceed to analyze the second. 

The disturbing action is due to a more or less pro- 
nounced but practically unavoidable lack of balance of 
the front wheels, and its period is that of one revolu- 
tion of the wheel. No matter what respective positions 
the unbalanced parts of each wheel occupy, a disturbing 
couple is created acting on the wheels around their 
steering pivots, or a couple affecting the front axle, or 
both may co-exist. 

As the words indicate, there is resonance just as soon 
as the duration of a complete revolution of the wheel 
coincides with a principal period, without taking fric- 
tion or damping into account. When there is a state 
of resonance, vibratory energy attains a maximum but 
no amplitude as is often believed. 

It is well to note that, contrary to what occurs in the 
case of self-excitation, resonance is an essentially stable 
phenomenon, capable of continuing indefinitely without 
decreasing or increasing so long as the corresponding 
critical speed is maintained. Whenever the speed is 
either below or above this critical speed, the manifesta- 
tions die out and resonance disappears. 

As the equation which enables us to ascertain the 
principal periods is of the second degree, there must 
necessarily be two critical speeds inducing resonance. 
The one, w, is, as a rule, very close to the imaginary 
speed w, which causes resonance of the axle alone; 
this is the speed of shimmy. The other, w,, differs very 
little from the imaginary resonance speed w, of the 
wheels, considered independently, around their pivots; 
this is “waddling” speed. In the first case resonance 
seems to affect the axle more particularly and, in the 
other, it affects the wheels. 

The two speeds, », and w,, are easy to ascertain if 
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one knows the individual periods of the axle and wheels. 
The one, ,, is proportionately less as the wheels are 
heavier and the tires less inflated; this is why shimmy 
was never troublesome until the advent of low-pressure 
tires and front-wheel brakes. Lack of resiliency of the 
springs, unless it is excessive, has little influence but, 
once shimmying has started, tends to prevent the bounc- 
ing of the wheels. The second speed w,, is all the smaller 
when the wheels are heavier and farther removed from 
the steering pivots, when the steering angle is small, 
and especially when the steering is more elastic and 
more reversible. 

The two values, w, and w,, which can easily be calcu- 
lated individually, intervene symmetrically in the equa- 
tion of critical speeds. Any modification in either or 
both provokes a continuous variation of the critical 
speeds without the two ever becoming equal. Thus, in 
a continuous manner, waddling may be transformed 
into shimmy, or shimmy into waddling. This trans- 
formation of critical speeds is a most important point 
and, in many cases when one meets with disconcerting 
results, is invaluable to explain them. 

In all that precedes it is well to note that the im- 
portance of the two critical speeds depends not only on 
the characteristic points of the front-axle assembly but 
also on those of the steering-gear. If the steering rake 
remains within the usually adopted limits of 2 or 3 deg., 
the critical speeds will agree approximately with the 
laws of similarity, as set out below and which are 
fundamental. 


(1) If », is less than «ec but remains proportionate, 
shimmy will be proportionate with and greater 
than “e, while waddling speed will be propor- 
tionate and less than wr. Under such condi- 
tions waddling will be noticed first, followed 
by shimmy. Such was the case usually on old 
cars fitted with high-pressure tires and no 
front-wheel brakes. Steering-gears having no 
play, that were fairly rigid and sufficiently 
irreversible, and in addition in case of need 
an increase in the angle of rake, as they 
tended to increase », were sufficient to sup- 
press waddle at normal speeds and, of course, 
to prevent shimmy. Thus there could be no 
perceptible critical regime 

(2) If », is greater than, and in proportion to s, 
then the permutation of critical speeds, which 
is so much to be feared, has occurred. Shimmy 
speed remains proportionate with and inferior 
to we, and waddling speed remains proportion- 
ate with and greater than »r. Shimmy, there- 
fore, appears first, at normal speeds, and is 
sharp, violent and entirely unaffected by the 
steering rake. Waddling speed, which will as 
a rule be a very high speed, will, more often 
than not, be unattainable. The conditions 
enumerated above apply to the case of a fairly 
rigid steering-gear and a modern car fitted 
with low-pressure tires and front-wheel brak- 
ing, the simultaneous adoption of which has 
reduced #e by one-half 

It thus appears that the adoption of low-pressure 

tires and front-wheel braking has destroyed that me- 
chanical harmony which can be reinstated only by 
diminishing w; relatively to w,-. In other words, our 
new requirements are a more elastic and more reversi- 
ble steering in consequence of the lower pressure of 
the tires and the greater weight of the wheels. We are 
then back to the original case of similitude. But we 


shall now be compelled to go through waddling at a 
speed which will be lower and lower as the suppleness 
and reversibility of the steering are greater. That is 
because, owing to speed w, being so low, waddling can- 
not be eliminated before it has been transformed into 
shimmy at normal speeds. Still, as a general rule, this 
waddle, considerably damped by the steering rake, will 
be barely noticeable. 

Under these conditions, shimmy will occur only at 
very high speeds, more often than not beyond driving 
range. If such is not the case, however, it may be made 
more remote, and indeed eliminated altogether, by in- 
creasing the steering rake, which has a very pronounced 
influence on it when it constitutes the second critical 
speed. This increase should be limited so as not to in- 
duce objectionable waddling; for it must be remem- 
bered that, if the steering rake is increased, w, is also 
increased at the same time as waddling speed, and this 
has a tendency to increase the vibratory energy which 
is brought into play. On the other hand, the damping 
of the wheels becomes greater since it depends on the 
importance of the steering-rake angle, and it tends to 
moderate vibratory action. 

These two factors act inversely; there is therefore 
an optimum range of rake of 2 to 3 deg. which will be 
higher in proportion as the wheels are heavier and the 
car lighter. The steering-rake angle is therefore con- 
fined within strict limits that should never be lost sight 
of. If one allows himself to depart from it to any 
extent, he finds waddling, originally negligible, becom- 
ing intense and degenerating into shimmy. This is 
what sometimes happens when a longitudinal change in 
the load of a car is sufficient, by inclining the chassis, 
to alter the steering rake to such an extent as to im- 
prove the facility for passing through the critical 
speeds. 

Please note also that it is well to remove the pivots 
farther from the mean plane of the wheels, which tends 
to reduce w,. In cases where waddling manifests itself 
first, it occurs at lower speed and shimmy at higher 
speed. That is precisely the result we want to attain. 
I will refer later to this question of the position of the 
steering pivots. 

As opposed to what happens in the phenomenon of 
vibratory instability, damping has no effect on the 
value of critical speeds; it diminishes its manifesta- 
tions by increasing the range of resonance. In other 
words, when damping is more marked, the vibrations 
are less violent but last longer, both before and after 
the critical period of speed. It must also be remembered 
that the damping factor is diminished by the action of 
gyroscopic excitation and to an extent which increases 
with the speed of the car. This is a simple explanation 
of the intensity, which sometimes assumes surprising 
proportions, of the shimmy effect. 

Again, if the usual frictional shock-absorbers are suffi- 
ciently tight, they may interfere with resonance by 
tending to make successive oscillations convergent. I 
have shown that any friction may act indifferently on 
either of the two principal vibrations, so that shock- 
absorbers may oppose themselves to the manifestation 
of waddling or shimmy without altering in the slightest 
the theoretical value of their speeds. 

Unfortunately, as I have already pointed out, these 
parts act in an irregular way, for, as a rule, they only 
damp the angular oscillations of the axle in an inter- 
mittent manner. 
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It should be possible to adapt shock-absorbers so that 
they would be capable of functioning in two different 
Ways separately, one on movements parallel with the 
axle, the other on its angular displacements. 

Concerning the fact that any friction acts indifferent- 
ly on either of the two principal vibrations, I would call 
attention to a curious fact. Cars which are not fitted 
with a differential are not, as a rule, subject either to 
shimmy or to waddle. What happens is that the moment 
the car starts a turning movement, the inside rear wheel 
begins to spin slightly or, failing that, increases its tan- 
gential driving grip on the road. The other rear wheel 
offers a resistance. The drive becomes unsymmetric 
and, thanks to the steering rake, the front wheels are 
brought into line by constant lateral reactions. They 
have the same effect as would be produced by friction 
of the wheels around their axles changing in direction 
according to their angular deviation. I have, on the 
other hand, studied and methodically experimented on 
a new differential which has no toothed gears and which 
presents exactly the same advantages. 

I must now ask you to note that, since a vibration of 
resonance includes both forced vibration and superim- 
posed natural vibration, vibratory instability undoubt- 
edly can be induced by shimmy. In such cases it ag- 
gravates its intensity very considerably. When once 
one has got beyond the critical speed, false shimmy 
persists alone and can be suppressed only by slowing 
down. 

Finally, the energy absorbed by shimmy, false 
shimmy or waddling must obviously be supplied by the 
engine.. The front wheels take up an actual flapping 
movement on the road, which in turn develops in them 
periodic lateral impulses. These reactions, on an aver- 
age road surface, have component forces the average 
value of which is related to time. Hence the origin of 
a supplementary resistance to propulsion, which ab- 
sorbs power. 


SUMMARY 


The front assembly of a car of the ordinary type may 
be the location of two kinds of abnormal vibrations, 
either isolated or combined. The one is the result of 
vibratory instability, which may occur at any speed be- 
yond a certain fixed limit and which grows constantly 
worse in proportion as the speed is increased. It is in 
no way dependent upon the lack of balance of the wheels. 
The other is a mere resonance due to the lack of balance 
of the wheels occurring only at certain absolutely fixed 
speeds and ceasing whenever the car is above or below 
those speeds. One or other of these phenomena is pos- 
sible only because there are gyroscopic reactions be- 
tween the wheels and the axle. 

The only specific remedy, which should be adopted by 
all, is correct independence of the front wheels, which 
ensures absolute suppression of any periodic gyroscopic 
reaction. Moreover, it is impossible to continue to put 
up with the drawbacks of the abnormal vibrations of 
the usually adopted type of front assemblies. 

The attainment of mechanical harmony demands im- 
periously that the steering shall be suitable to the use 
of low-pressure tires and front-wheel braking. It is 
desirable that it should be sufficiently elastic and re- 
versible. Complete reversibility may even be favorable, 
provided the steering is fitted with a soft hydraulic 
damper free from leakage. If, on the other hand, it is 
necessary for the purpose of completely eliminating 





shimmy, one can have recourse to a setting out of the 
pivots and a moderate increase in the steering-rake 
angle. One should, however, be careful to maintain 
this angle within strict limits. It is very obvious, as 
regards waddle and shimmy, that it is well to balance 
the wheels as much as possible both statically and 
dynamically. Damping the oscillations of the front 
axle can only lessen shimmy, but it can absolutely elimi- 
nate the instability of vibration. 

Frictional shock-absorbers may prevent waddle and 
shimmy, but their effectiveness can be absolute and con- 
stant only if they have independent means for prevent- 
ing the parallel and angular movements of the axle. 
Friction, moreover, never makes it impossible for in- 
stability of the vibrations to exist, but the amplitude 
of the vibrations necessary to induce instability in- 
creases in proportion as the frictional shock-absorbers 
are made tighter. The use of rubber in the suspension 
affords a very rational form of damping. 

Combined hydraulic and frictional shock-absorbers, 
properly studied out and regulated, also present un- 
doubted interest, since friction and damping play very 
different parts, both of which are important. 

It is certain that, when one learns to distinguish 
clearly between those two factors and to allocate them 
judiciously, he will have gained a partial control over 
the apparent capriciousness experienced up to the pres- 
ent in the vibratory manifestations of the front assem- 
blies of our cars. 

As you have been able to judge, this is a complex 
problem. It took me many months, and I had to use the 
most abstract mechanical knowledge, to clearly discern 
its various elements. It gives me great pleasure to 
impart the result of my investigations, and I shall be 
especially pleased if they help to guide you toward de- 
sirable solutions. 


2—DISADVANTAGES OF FRONT-AXLE AS- 
SEMBLY 


I have been dealing with those abnormal incon- 
veniences which may result from the use of the gen- 
erally adopted type of front-axle assembly. I shall now 
review the constant inconveniences due, as in the former 
instances, to gyroscopic reactions. To determine the 
importance of these relations I shall indicate simple 
formulas which we can apply. 

Owing to the fact that the two wheels are positively 
connected with a single axle, it necessarily follows that 
any rise or drop in either wheel, in relation to the other, 
must immediately determine a common deviation of 





Fic. 1—DIAGRAM FOR ANALYSIS OF GYROSCOPIC REACTIONS 
OF CONVENTIONAL FRONT-ASSEMBLY 
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their stub axles and an inclination of the front axle 
itself. This movement exists continually whenever the 
car is running on uneven surfaces. 

As I have remarked, a wheel, when it is rotating, con- 
stitutes dynamic mass rotating at great speed around 
its axis. So long as this axis is subject only to a move- 
ment following a plane, the conditions are the same as 
if the wheel were not revolving. The moment, however, 
there is the slightest deviation, violent gyroscopic pre- 
cessions are set up. 

Let us assume that the wheels and front axle are in- 
clined transversely with an angular speed of 9, for in- 
stance because the front wheel, on the driver’s left, is 
raised by an obstacle. Let J, be the moment of inertia, 
in relation to its axis, of a wheel fitted with a brake 
drum and possessing an angular speed of w. The posi- 
tive direction of the rotation being from right to left, 
its kinetic moment is 7,w, following a line passing along 
its axis as shown in Fig. 1. The inclination of the front 
axle causes a deviation of this kinetic moment, the ex- 
tremity of which, in the neighborhood of the top, as- 
sumes a speed of J,ow. 

Résal’s theorem shows that the moment of the result- 
ing gyroscopic force is equal, and in the opposite direc- 
tion, to this speed; hence its direction is downward, 
as shown, and its value, which is the same for each 
wheel, is G=I,9w. It follows that, if the front wheel 
on the driver’s left is caused to rise over an obstacle, 
both front wheels are simultaneously subjected to a 
gyroscopic precession which tends to cause them to lock 
around their steering pivots from the left to the right 
of the driver. This effect is absolutely independent of 
the distance between the steering pivots and the mean 
plane of the wheels; its unavoidable manifestation is 
the reason to which we must look to account for the 
origin of the repeated knocks and jerks one feels at the 
steering-wheel when traveling on a rough road and 
which one endeavors to damp to a certain extent by 
fitting an irreversible steering-gear. 

It will be well to note here that the forces resulting 
from the gyroscopic effects act inversely to the forces 
induced around the steering pivot by the tangential pre- 
cession which the wheel receives when it meets an ob- 
stacle. It is a common error to ascribe to those road 
shocks the intensity of the reactions one feels, when, 
in reality, those road shocks have a damping, and gen- 
erally very small, effect in relation to the gyroscopic 
forces. 

In the case under examination it must be obvious 
that contact with the obstacle will tend to make the left 
wheel turn from right to left with a strength propor- 
tionate to the distance of the steering pivot, whereas its 
gyroscopic precession would tend to act in an opposite 
direction. The conclusion one immediately arrives at, 
and which is somewhat different from the generally 
admitted idea, is that it is expedient, in order to dimin- 
ish the importance of the precessions, to remove the 
steering pivots farther from the mean plane of the 
wheels. I have previously demonstrated that such a 
disposition of the pivot tends to counteract wabble and 
shimmy. 

This must not, however, be carried to excess if we 
are to avoid too powerful a reaction from braking 
on the front wheels or the bursting of a front tire. 
The dogma of the necessity for the convergence at the 
point of contact with the ground of the centers of the 
steering pivots with the mean planes of the wheels has 





therefore no sound foundation in fact, as I have been 
able to ascertain to my own satisfaction. 

It is certain that, with the steering pivots far from 
the mean planes of the wheels, the steering is harder at 
low speeds whenever the lock causes the front wheels to 
turn in opposite directions round their axles, for in- 
stance when moving the car in a garage. This draw- 
back disappears, however, when the speed is sufficient 
to avoid an inversion of speeds occurring. 

To appreciate the importance of the gyroscopic re- 
actions let: 

p = the weight of a wheel and its brake drum 

R = its outside radius 

p = its gyration radius relatively to its axle 

V = oR, its forward speed 

l= the tread of the car 

v =lg, the speed of the rise of one wheel as com- 
pared with the other wheel 

g = 9.80 m. (82.16 ft.) per sec. per sec. acceleration 
due to gravity 





p 
If we replace I, by o*, we find that the gyroscopic 
g 
couple can be expressed simply: 
2. #y. 
G= 9 Ri Vi (1) 


It is therefore proportionate to the forward speed 
multiplied by the rising speed. The extents of the 
movements have no effect whatsoever, but only their 
rapidity. Making the wheels lighter and carrying their 
weight as near as possible to their centers have a bene- 
ficial influence. 

If p = 30 K,., R = 0.40 m., ¢ 
V = 25 m-sec., or 90 km-hr., v 
42.5 kg-m. (307.4 ft-lb.). 

As the turning action on both wheels around their 
steering pivots is identical, we find a total gyroscopic 
procession aggregating 2G = 85 kg-m., which will be 
transmitted to the steering-gear, assuming the steering 
pivots to be parallel to the mean plane of the wheels. 
Assuming the steering-gear to be rigid and irreversible, 
with, for the sake of argument, a gearing of 7 to l, 
the reaction couple at the steering-wheel would be 12 
kg-m., corresponding to a manual effort of 60 kg. (13.23 
lb.) with a steering-wheel 400 mm. (15.748 in.) in 
diameter. 

in practice, one could not hold the steering-wheel and 
it would move with a sharp jerk, particularly disagree- 
able and fatiguiny owing to its repetition. One tries 
to obviate this by a more or less complete irreversibility 
of the steering-gear, which, of course, does not in any 
way modify the violence of the precession. With use, 
the steering-gear that is constantly subjected to jerks 
must necessarily become loose, and this further increases 
the precessions and vibrations. 

As no steering mechanism can be perfectly rigid and 
no worm gears would be made absolutely irreversible, 
the front wheels, under the action of gyroscopic couples, 
assume, with the steering pivots as centers, a common 
movement of precession with an angular speed of ‘4. 
This precession, which still further throws out the 
kinetic moment of each wheel, develops another gyro- 
scopic couple, the moment of which, in a horizontal 
direction, assumes a value of G, = J,4w. In the particu- 
lar case I have taken as an example, the direction of this 
moment is toward the rear, as shown in Fig. 2. The 
total couple 2G. which results therefore counteracts 
any deviation of the front axle and increases the pres- 
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sure on the ground of the wheel which is being raised 
by the obstacle. If, for instance, the value of ¥ is in the 
neighborhood of 2, the surplus load thus created will 
not be more than 50 kg. if we take the previous figures. 

In the foregoing I have not taken account of the sub- 
tractive couple resulting from the tangential percus- 
sion originating when the steering pivots do not coin- 
cide, at road level, with the mean plane of the wheels. 
With low-pressure tires it seems that, except under 
abnormal conditions, this effort is not likely to exceed 
100 K.. Assuming that the projection of the steering 
pivot to the road is 0.10 m. (3.937 in.) from the mean 
plane of the wheel, a couple amounting to 10 kg-m. will 
come in deduction of the sum of the two gyroscopic 
couples which have a tendency to lock the wheels over. 
In reality. these two effects are not absolutely simul- 
taneous, but, at high speeds, the difference in their 
periods is not noticeable. One can, in any case, be sure 
that gyroscopic action preponderates by a great deal. 

Moreover, the gyroscopic reactions are detrimental 
both to the pleasure of driving and to the wear of the 
working parts, and the combined wabble they constant- 
ly cause in the front wheels militates against road- 
ability. Indeed, roadability is, primarily, directly 
dependent upon the steadiness of the front axle itself. 
In connection with this I have shown that the precession 
of the front wheels was likely to cause that sidewise 
floating movement of the rear which is so characteristic 
of a car that holds the road badly. 

While on this subject I desire to make a reference to 
cars fitted with front-wheel drive. One usually dilates 
upon the remarkable steadiness and roadability of such 
ears. One should note that front-wheel drive is, in 
principle, associated with independent front wheels. It 
is precisely that independence, and not the fact that the 
drive is at the front, which gives these unquestionable 
advantages which have been verified. My personal 
opinion is that, apart from a few practical and secon- 
dary advantages, the front-wheel drive does not, in 
itself, produce any real technical benefit. 

Such is, in a few words, the capital and constant 
defect of the more commonly adopted type of front 
steering-gear. It is as unavoidable as it is unpleasant, 
and it can be overcome only by radically eliminating 
this most unsuitable disposition. Here again, there- 
fore, proper independence of the front wheels imposes 
itself imperiously. It improves both the roadability 
and the comfort of driving. The steering can be fully 
reversible without any noticeable reaction at the steer- 
ing-wheel rim, even on the worst road. 

Failing this solution, which is rational in every re- 
spect, it is a good thing to allow, by rule of thumb, a 
certain elasticity, without any play, to the steering-gear 
by means of the pendulum lever. The gyroscopic pre- 
cessions will then damp themselves, considerably di- 
minishing the jerks of the steering-wheel and affording 
better wear of the working parts. As I have shown, 
this simple palliative may also make it possible to avoid 
the disastrous manifestations of shimmy. The wabble 
of the wheels thus set up by their precession is rapidly 
damped by the pivot angle, the damping effect of which 
should never be lost sight of. 

Again, in addition to the capital drawback, a conven- 
tional front axle presents many others, much less im- 
portant, which so far have not been taken into con- 
sideration. For one thing, the unsprung weight is 
that of the whole of the front gear. When the two 
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Fic. 2—DIAGRAM FOR ANALYSIS OF PRECESSION OF FRONT 
WHEELS 


wheels wabble in unison they are subject to a resistance 
due to the inertia of that mass. Also, when the front 
axle is inclined, the inertia of the whole of the front 
gear comes into play in relation to the longitudinal 
axis of its center of gravity. Hence, in either case, the 
wear of the tires is increased and there is a certain 
amount of retardation in the spring action. 

With independent front wheels, the unsprung weight 
is limited to that of the wheel; all other conditions being 
identical, the springing is improved. On the other hand, 
when the front axle is inclined, as the result of a wheel 
clearing an obstacle, the tire surface in contact with 
the road tends to move laterally; and, although the 
elasticity of the tread comes into play, still there is an 
extra cause of wear, small perhaps, but continually re- 
peated. 

Moreover, the springs are subject to torsional strains 
since, at their point of contact with the front axle, the 
latter is subject to a rotational movement. One must 
note also that, if the front ends of the springs are fixed, 
the displacement of the front axle may cause reactions 
in the steering-wheel or wabble of the front wheels 
quite independently of gyroscopic reactions. In this 
case, as the drag-link has its fixed point at H, to the 
rear, as in Fig. 2, the connections are incompatible and 
the wheels have a tendency to lock over when the front 
axle rises or drops. They may thus set up a kind of 
wabble, under certain conditions, which has no connec- 
tion with the real wabble but may superimpose, acting 
as a parasite. This may be dealt with satisfactorily 
by making the rear end of the spring the fixed end. 
This arrangement is being adopted more and more. 


GYROSCOPIC REACTIONS OF REAR OF CAR 


It must be obvious that, with a conventional axle at 
the rear, gyroscopic action should manifest itself there, 
but the consequences are far less serious than in front. 

If the rear wheel on the left of the driver rises on 
meeting an obstacle, each of the wheels receives the 
gyroscopic couple G, measured as previously, with a 
vertical axis. The precession couple 2G tends to force 
the whole rear-axle assembly into a rotational movement 
from left to right around the vertical axis of its center 
of gravity, but this movement is prevented by the con- 
nections of the springs, the driveshaft, and sometimes 
by triangular stays of a special type which make the 
assembly more rigid. As was the case with the front 
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end, so at the rear, it is the inertia of the whole axle 
which is involved when the axle moves up and down. 
When the axle is inclined, it is the total moment of 
inertia of this mass in relation to its longitudinal axis 
which comes into play. 

It can truly be said that when a rear axle is properly 
designed the suppression of gyroscopic reactions is a 
matter of but small interest. The only certain advan- 
tage of independently sprung rear wheels is the im- 
provement in the springing due to the fact that the 
only unsprung weight is that of the wheels themselves. 
To attain this result it is not necessary that the inde- 
pendent springing should take into account gyroscopic 
effects. It seems at first sight as if, in principle, the 
problem of independent springing at front and rear is 
the same. However, it is a mistake, for reasons 
which I shall discuss later, to assume that one can sim- 
ply transfer to the rear a system which is correct in 
front. This common and unsatisfactory generalization 
is due, in a great measure, to the fact that the problem 
of independently sprung wheels has not been studied 
in its true light as I have endeavored to present it 
herein. 

One must not lose sight of the fact that the most 
imperative obligation is the suppression of gyroscopic 
reactions in the front assembly. The question of the 
improvement of the springing, thanks to the reduction 
in the unsprung weight, is of far less importance. It 
should be considered only as a very secondary matter. 


3—INDEPENDENTLY SPRUNG WHEELS 


Speaking in the most general way, two wheels are 
independently sprung if the free displacement of one 
compels no movement of any sort in the other. The 
connection between each wheel and the chassis must 
be elastic in a vertical direction but without the possi- 
bility of any lateral displacement. This definition is 
incomplete, for independently sprung wheels might con- 
form with this rather vague definition without possess- 
ing the principal and most important advantage; 
namely, the suppression of gyroscopic reactions. 

I would add, therefore, that independent springing is 
correct if it achieves the suppression of gyroscopic re- 
actions, this additional condition being an imperative 
necessity insofar as the front wheels are concerned. 

Whatever its movements, a wheel must turn around 
an axis parallel to its kinetic moment, that is to say, 
parallel to its rotational axis. As the kinetic moment, 
under all conditions when the wheels move freely, re- 
duces itself to a displacement, the gyroscopic move- 
ments are null. If, by using a slide or by adopting 
levers, one limits the wheel to a strictly vertical dis- 
placement, it merely constitutes a special case to which 
one is not compelled to conform in the definition of 
correct independent springing. This particular case 
simply corresponds to a rotation around a fixed axis of 
infinity. It is quite obvious that, when two wheels are 
thus independently sprung, no rigid transverse connec- 
tion can be established between their centers. In con- 
sequence, it is impossible to couple them in the usual 
way by a tie-rod as shown at B, in Fig. 2. The fact 
of one wheel rising in relation to the other would cause 
a deformation of the articulated parallelogram and the 
two wheels would have a tendency to lock in opposite 
directions. This might be overcome to a certain extent 
by careful spring compensation of the connection, but 
such a system would not be rational. 


Independently sprung front wheels therefore almost 
imperiously call for double steering-control, each wheel 
being independently controlled. This is the only real 
solution. Special care should be given to the establish- 
ment of the connections so that the free movement of 
the wheels cannot, in any case, cause any noticeable 
reaction in the steering-gear, otherwise a wheel might 
lock over through rising or dropping. Moreover, I re- 
gard it as desirable to allow a certain elasticity in each 
control, in the drag-link arm. For one thing, the steer- 
ing is more smooth, and on the other hand, even assum- 
ing that the locking of the two wheels is not strictly 
in accordance with theory, the two wheels, in practice, 
lock properly, thanks to the cant of the front axle and 
to their respective elasticity. 

Independently controlled front wheels undoubtedly 
add an extra element of safety, for, should the control 
of one wheel give way, the car would still be easily 
controlled by the other wheel only. The cant of the axle 
automatically takes care of the combining of the lock 
of the two wheels. 

Furthermore, front wheels fitted with correct inde- 
pendent springing should be controlled by a fully re- 
versible steering-gear. Irreversibility of the steering 
is, in itself, a fault. It is a rough makeshift and a 
barbarous one which enables us to put up with the ab- 
solute imperfection of the customary front steering- 
assembly. There is no other excuse for its existence, 
and, especially, this method of damping gyroscopic 
precessions is detrimental to all of the working parts. 

With front wheels correctly sprung independently 
and an entirely reversible steering control, no notice- 
able reaction exists at the steering-wheel rim, even 
The comfort 


when running over a very rough surface. 





Fic. 3—DIAGRAM FOR ANALYSIS OF EFFECT OF VARIATIONS 
OF STEERING-PIVOT ANGLE 


of driving undoubtedly is greater; ease of control is 
greater, and the steering is absolutely steady, thanks 
to the cant of the front axle. The driver has constantly 
the feeling that he can sense the balance of his car 
far better. 

As regards the relative advantages of the various 
methods adopted for the fitting of independently sprung 
wheels, there is not the slightest doubt that one should 
give preference to a system which assures positive 
control of the axis of the wheel by a rectilinear gear. 
Moreover, it should include as few articulations as pos- 
sible, as they are likely to develop play. Articulations 
are especially open to criticism when the translatory 
movement is only partially realized; in such cases gyro- 
scopic reaction still exists, less prominent it is true but 
still liable to cause shocks. 

To make the superiority of positive vertical control 
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the car, at a speed V, is Q — Assuming the lock 





Fic. 4—FRONT-END ASSEMBLY OF DE LAVAUD AUTOMOBILE 


The Tubular Axle, Called a Pendulum by the Author, Is Pivotally 
Attached at the Middle to the Car and Terminates at Either End 
in Upright Guides Supported on the Steering-Knuckles of the 
Wheels. Instead of the Customary Frame-Suspension Springs, 
Rubber Washers in the Guides Support the Weight on the 
Steering Pivots of the Wheels and Assure Efficient Damping of 
the Wheel Movements A Large Friction Disc at the Middle 
of the Axle Constitutes a Rational Shock-Absorber Which Checks 
the Oscillations of the Axle. This Construction Results in Two 
Independently Sprung Wheels Guided in Line, with the Additional 
Advantage of an Axle That Permits of Three-Point Suspension 
of the Frame 


evident, let us suppose that each front wheel rises or 
drops around a fixed axis O, of the chassis parallel to 
its own axis O, in Fig. 3. In such cases there must 
inevitably be important variations in the angle of the 
cant when the steering pivot 53, moves, with the wheel, 
around the axis O,. The forward movement is obvi- 
ously from left to right. The axis O, is fixed to the 
chassis, and the lever length OO, is constant, equal 
toa. The distance h, from O to the plane of the chassis, 
is a sine a, and the steering rake y varies like «a. There- 
fore, if the wheel is raised by Ah, the rake is increased 


: Ah 
practically by 





and decreased to the same extent 


when the wheel drops. As the limits of the angle of 
rake are somewhat restricted, this is a disadvantage 
which may be particularly troublesome when that angle 
becomes negative, the wheel having dropped into a 
hole. It may then, having no stability of its own, have 
a tendency to float momentarily around its pivot. The 
only way to overcome this is to give lever a sufficient 
length to approach rectilinear guiding. It is also de- 
sirable that the steering connections should be suffi- 
ciently rigid. 

If, for instance, the normal rake is 3 deg. or 0.05 
radians, and a = 500 mm., this angle will become nega- 
tive when there is a drop of Ah greater than 25 mm. 
With such a setting, the wheels should not be cambered, 
as this would necessarily entail giving a rake to axis 
O, But in this case the movements of the wheels 
would be transverse. 

Again, let me point out that, whatever system of in- 
dependently sprung front wheels is adopted, gyroscopic 
reactions must necessarily still exist when the wheels 
are locked for a turn, exactly as would occur with the 
commonly adopted type of front assembly. Let me 
calculate the maximum they are liable to attain. If S 
be the turning radius, the angular gyratory speed of 





to be constant, each wheel is subject to a gyroscopic 
couple having a horizontal axis. If we use the same 
symbols as before, we find that the amount of this couple 
is 
p 
“g RS 

With the conventional type of front axle we find that 
the axle takes an inclined position, rising on the side 
corresponding with the inside of the curve, under the 
influence of the resulting couple 2G,. If the wheels are 
independently sprung, each wheel has a tendency to lie 
over toward the outside of the curve. 

But if M be the mass of the car and f the coefficient 
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Fig. 5—Cross-SECTION OF DE LAVAUD FRONT WHEEL AND 
AXLE END 
The Steering Pivot Telescopes in an Upright Guide on the Axle 
End and Supports the Axle Weight on a Series of Rubber 
Washers, Which Take the Place of the Usual Leaf Spring. Fully 
Reversible Dual Steering Control Is Provided 
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of road friction, the centrifugal force acting on the car 


~— a ‘ : . ; . 
is —— , the maximum it can possibly reach being lim- 


S 
ited by the adherence to fMg. 


2 


The highest value of 


being fg, it necessarily follows that the maximum 





G, can attain is 


Gu = fp = (3) 

Taking the figures we have previously accepted and 
f = 0.6, we get to the result G, = 2.8 kg-m., which is a 
very small figure compared with the intensity of gyro- 
scopic reactions. Assuming that the wheels possess a 
certain angular locking speed , this precession develops 
another gyroscopic couple which superimposes itself on 
the couple G,. To ascertain its value it is necessary only 
to replace 2 by | in the formula which gives us G.,. 

After having probed to the bottom, from a technical 
point of view, the problem of independently sprung 
front wheels, I have, on my own car, arrived at the 
following solution; namely, the fitting of independently 
sprung wheels with upright guides at the two ends of 
a pendulum having its oscillating center in the middle 
of the front of the chassis, as shown in Fig. 4. The 
springing is on a series of rubber washers in tubes of 
large diameter which act as steering spindles, as shown 
in cross-section in Fig. 5. This rubber, the life of 
which is almost unlimited, has the advantage that it 
assures very efficient damping, clear and well defined, 
for it ensures automatic action of the springing pro- 
portionate to the weight of the car and to its speed. 

Moreover, the pendulum is tightly fixed at its center 
by a friction disc which constitutes a rational shock- 
absorber, since it has to overcome one movement only, 
the oscillation of the pendulum. As a matter of fact, 
I thus have two independently sprung wheels guided 
in line, with the additional advantage of the pendulum 
which permits of a three-point suspension, which is 
rational in every respect. When the center shock- 
absorber is well tightened, the pendulum does not oscil- 
late in response to all the normal road shocks. Correct 
independence is assured without joints, and the con- 
struction offers obvious machining facilities. There is 
dual steering control, absolutely reversible, and without 
any noticeable steering-wheel reaction. In the unusual 
case of an important shock on one front wheel, the 
pendulum comes into play and the effect of the blow is 
shared by the two wheels. Moreover, this method of 
fitting permits of a maximum lock of 48 deg., with a 
perfectly correct angularity. 

I shall conclude with the question of the independent- 
ly sprung rear wheels, which is of far less impor- 
tance since in this case it is merely a question of 
improving the springing. Please note, however, that 
this improvement has a favorable influence on the road- 
ability of the car by diminishing the unfortunate draw- 
backs of the ordinary differential gear. As a matter 
of fact, the propulsion of the car is dependent upon the 
road adherence of the less adhesive of the two rear 
wheels. When, owing to a rebound over an obstacle, 
one wheel loses its adhesion for a moment, the car is 
no longer propelled, and the wheel which has bounced 
increases its rotations. When it once more comes into 
contact with the road surface, at high speed, there is 
temporary spinning which diminishes lateral adherence 


and tends to floating of the rear. The reduction of 
unsprung weight, since it tends to diminish bouncing, 
consequently improves roadability. 

I have fitted my car with a special gearless differen- 
tial which does away entirely with this drawback. That 
is why I have not thought it advisable to fit independent- 
ly sprung wheels at the rear. 

Again, if independently sprung wheels are fitted at 
the rear as well as in front, that is to say, correctly 
fitted against gyroscopic action, the rear wheels tilt 
in the same way and at the same time as the chassis 
when going round a curve, and if the center of gravity 
is not exceptionally low, this causes an impression of 
lack of stability, which is non-existent and yet disagree- 
able, with ordinary low-pressure tires. 

Suppose, as an example, that independence of the two 
wheels is obtained by rectilinear guiding. On a curve, 
under the action of centrifugal force, the vertical re- 
action of the ground increases on the outer wheel and 
decreases on the inner wheel. Also, by reason of the 
elasticity of the suspension, one wheel will rise in re- 
lation to the chassis while the other will descend. Also, 
one tire will flatten more than the other. Therefore, 
each wheel utilizing the superimposed elasticities of 


the spring and of the tire, the wheels will incline at the 


same time as the chassis. This defect becomes more 
marked as the flexibility of the suspension is increased. 

It is moreover necessary to point out a fact which is 
of capital importance, although too often overlooked. 
If the chassis is carried on either a continuous or a 
divided rear axle, its inclination on the axles, when 
making a turn, is determined by the moment of the 
centrifugal forces of the suspended mass in relation 
to the plane of the springs. With a very low center of 
gravity and, possibly, springs not having too great a 
degree of flexibility, it is quite possible to make this 
inclination almost imperceptible. 

The conditions are very different, however, if the 
four wheels are independent, with vertical guides, for 
instance. The relative movements of the wheels in 
relation to the chassis are then determined entirely by 
the variations of the vertical reactions received from 
the road. These variations, on the whole, constitute a 
couple equalizing the moment relative to the ground 
of the centrifugal force applied to the mass of the car. 
The chassis will therefore incline as if, having a nor- 
mal suspension, it were submitted to the couple repre- 
sented by the moment in relation to the ground of the 
total centrifugal force of the car. Other things being 
equal, indeed, it will incline much more than in the 
ordinary case, carrying the wheels laterally with it. 
Even if the center of gravity is lowered, it is impossible 
to eliminate this defect, which gives to the car a dis- 
agreeable impression of instability and accentuates tire 
wear. 

Under these conditions, it ought to be regarded as a 
mistake, as I have already pointed out, to equip the 
front and the rear of an automobile with the same 
arrangement of independently sprung wheels, although 
the design would be correct considered from the stand- 
point of gyroscopic effects. That is why I conclude 
that, if one wishes to have independently sprung rear 
wheels, it is better to adopt the split-rear-axle principle. 
The gyroscopic effects still exist but they are of no 
importance if there is sufficient stiffness of the chassis 
or of the rear axle. On the other hand, one has a far 
greater impression of stability in taking corners. 
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CONCLUSIONS 


The normal front-wheel assembly, owing to its per- 
nanent and its occasional drawbacks, is a construction 
so imperfect that it is inadmissible in the present state 
of advancement of the-automobile industry. 

Its manifestations, which are always troublesome 
and sometimes excessive, are all due to a common origin, 
gyroscopic reactions of the wheels which have a natural 
and unavoidable tendency to set up combined wabbling 
whenever the axle is inclined. That is why there may 
appear unbearable vibratory instability or phenomena 
due to reverberation so intense as to be dangerous. 

The conventional axle-assembly is also responsible for 
violent reactions in the steering-wheel which annoy and 
fatigue the driver, and precessions which undoubtedly 
injure the steering-gear. It is also responsible for poor 
roadability and poor stability, which are such frequent 
defects. 

In a word, the defects of the steering assembly are 
accountable for the origin of the most serious drawbacks 
that have made themselves manifest over a number of 
years since motor-cars have been in use. Its adoption 
is an error which will surely disappear in the very near 
future. Besides, the makeshift remedies to which one 
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has recourse and which fail to make their defects toler- 
able, such as frictional shock-absorbers and irreversible 
steering, are, from the point of view of sound me- 
chanics, equally incorrect. 

The requirements of comfort and ever-increasing 
speeds already make independent springing of the front 
wheels an imperative necessity. The best realization 
consists in rectilinear guiding. It should be associated 
with an entirely reversible double steering. 

Independently sprung rear wheels are not nearly so 
interesting, and I do not think that solution of the rear- 
end problem should be arrived at by the same method as 
for the front wheels. Indeed, the main object here is to 
improve the springing by reducing the unsprung 
weight. To avoid that unpleasant floating feeling on 
curves, it seems to me that it is advantageous to fit the 
split rear axle. 

In closing, let me state that I hope these few technical 
considerations may help to guide the ever-productive 
imagination of our engineers, who, I have no doubt, will 
soon be able to arrive at satisfactory systems of inde- 
pendently sprung front wheels. The motor-car industry 
will then have made one more step in the path of prog- 
ress, and one that is imperative and decisive. 





The Markets of China 


= Shanghai Automobile Show held in October, 1927, 
showed that this Paris of the Orient also has its auto- 
mobile row, where American cars fairly dominate. About 
100 cars and motorcycles arrive in the port of Shanghai 
daily. A census prepared a year ago showed that, of the 
179 different makes of car in Shanghai, Buick, Ford and 
Studebaker top the list in the order mentioned, with these 
following: Citroen, Chevrolet, Dodge, Overland, Hupmobile, 
Fiat, Morris Cowley. 

Shanghai contains half of all the automobiles in China. 
It has the distinction of licensing more makes than any 
other city in the world. More than one-third of all the 
cars entering Shanghai in 1925 were American. With 
the good roads movement in full swing and the number 
of bus lines on the increase, the Shanghai Automobile 
Show, attended by 2500 persons, revealed healthy prospects. 
About 70 automobiles and motorcycles were sold during the 
show. 

A study of America’s export statistics reveals some 
views contrary to general opinion. For instance, under the 
heading “Chemicals and Allied Products,” America sold 
more to China than under the heading “Machinery and 
Vehicles.” Though Germany’s chemical trade was hurt by 
the war, she still fairly leads the world’s traffic in the in- 
dustry. But America has progressed steadily, and today 
China is an annual customer for American chemicals to the 
extent of $5,000,000. 

Young China is assimilating the Western ideas and 
making use of Western-style articles in a steadily progres- 
sive ratio. The present is only a beginning. The standard 
of living has advanced considerably in recent years despite 
wars and amid corruptions. China is no longer a dump- 
ing ground for inferior or out-of-date products. It takes 
consistent efforts and modern goods to buck the Chinese 
market today. 


As the vice-president of the Quaker Oats Co. of Chicago 
says, 

As much effort is needed to build a business in 
Shanghai as in Chicago. Not enough manufacturers 
have gone into China to stay there, with a determina- 
tion to construct a permanent business, and that is 


why so many business houses, before the war, fell 
short of success. 


Success in the Chinese field today depends on modifying 
goods and packages and prices to meet the demand, on 
finding acceptable ways to use the products, on advertising 
in a way to meet the Chinese, and on utilizing selling and 
distributing methods that harmonize with the customs and 
practices of China’s shopkeepers and merchants. 


SHANGHAI SECOND WORLD-PORT IN SHIPPING 


Does war in China affect trade? It certainly does. On 
the other hand, China, it must be noted, is like a sponge 
which, when squeezed, gives out water, and, when released, 
drinks it up again. That has been the characteristic of 
trade in China during the last 10 years of incessant civil 
war. In 1927, business in Shanghai was cut down 70 per 
cent due to the troubles there; but it increased 25 per cent 
in Hongkong, balancing the other. If there is a disturb- 
ance in one district, there are probably 50 other districts 
where it is quiet and where the people still buy. 

Statistics published by the Bureau of Domestic and 
Foreign Commerce, in March, 1927, showed that there was 
a 12-per cent increase in the sales of American products 
in China in 1926 as compared with 1925. The total sales 
to China proper amounted to $110,205,000, to which are to 
be added $12,819,000, the value of American goods shipped 
to Hongkong, and $6,466,000 to the Japanese leased terri- 
tory of Kwangtung (South Manchuria). 

Even an old hand in the China trade like Robert Dollar 
was surprised when he recently consulted the entrance 
and clearance records of the seaports of the world. The 
veteran shipper noticed that New York City still leads with 
37,000,000 tons of shipping entered and cleared, and rubbed 
his eyes as he read as follows: Shanghai 28,000,000; Hong- 
kong 22,000,000; London 21,000,000; Liverpool 19,000,000. 

Imagine the great port of London superceded by two 
seaports of China! It gives the best picture of what has 
happened, and will happen, in that magic land to which 
Marco Polo journeyed centuries ago.—Arthur A. Young 
in Trade Winds, Union Trust Co., Cleveland. 











The Measurement of Riding-Qualities 


By Roy W. Brown! 


Annvat Meetinc Paper 


N accelerometer of the contact type, that employs 
4% a new means of suspending the weight, has been 
developed which is said to eliminate all the contact 
error and troubles previously experienced with this 
type of instrument. A counter of sufficient speed to 
count accurately the accelerations which occur in road 
service has been developed also, and a complete in- 
strument comprising six elements has been con- 
structed and is described. 

Due to the relatively small size of the accelerometer 
and to its remote connection with the counter, the 
instrument can be mounted on a vehicle axle or on 
any other portion of the vehicle desired. This enables 
measurement to be made of the accelerations trans- 


EVERAL years of research over various highways 
and byways of the Country in an effort to meas- 
ure the riding-qualities of motor-vehicles of dif- 

ferent types has resulted in the development of a 
reasonably simple, practical and rugged instrument of 
the counter-contact accelerometer-type. Extreme rug- 
gedness of the actuating element is paramount if an 
instrument is to retain any semblance of accuracy after 
passing over bad or indifferent roads when attached to 
a truck axle. Attachment to the axle is required if the 
riding-qualities of tires are to be segregated from those 
of the vehicle as a whole. 

Construction and use of elementary forms of the 
contact-type accelerometer, as described in my paper on 
Instrumentation and Results of Riding-Qualities Tests’, 
indicated that the most practical instrument would be 
one which would count all accelerations occurring above 
a predetermined value. The present instrument is ar- 
ranged with six accelerometer elements, each element 
being connected with a separate counter. Hence, at 
the end of a run, the number of accelerations occurring 
between six predetermined values can be read directly 
from the counters. Experience indicates the use of a 
recorder as impractical if the results of a run of several 
miles are to be analyzed, as the total number of accelera- 
tions occurring per mile runs into the thousands. There- 
fore, the analysis of a long run is extremely laborious. 

The use of integrating devices apparently offered a 
desirable alternative to the recording device. However, 
in the early type of contact accelerometers, it was found 
that the making or breaking of the contacts was very 
indefinite and that a large amount of chatter existed. 
Obviously, if an electrolytic or other electric integrator 
were to be used, the time the contacts are open or closed 
must be proportionate to the time the acceleration ex- 
ceeds the predetermined value. A calibration machine, 
especially designed to give simple harmonic motion, 
also described in my former paper’, showed conclusively 





1M.S.A.F.—Mechanical engineer in charge of engineering lab- 
oratories, Firestone Tire & Rubber Co., Akron, Ohio 

2See THE JOURNAL, June, 1926, p. 594. 

8 See THE JOURNAL, June, 1926, p. 596. 
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mitted through the tires alone, through the tires and 
springs, or, if desired, through the tires, springs, 
body, and seat cushions. With a single instrument 
or by using separate accelerometers located in dif- 
ferent positions, the riding-qualities of any individual 
portion of the vehicle can be segregated readily. 

The combination in one instrument of remote in- 
dicating means, relative simplicity, ability to change 
the range by manipulation of a rheostat, and rugged- 
ness of the accelerometer proper has heretofure been 
unobtainable in the various devices designed for the 
measurement of vibrations. This new instrument 
therefore should assist those interested in researches 
having to do with vibrations and accelerations. 


that accurate records cannot be obtained, when using an 
integrator as the indicating means, with accelerometers 
on which the contacts chatter. 


THE SOLENOID ACCELEROMETER 


In former contact-type accelerometers the weight was 
supported by a spring or by air pressure. Replacement 
of the spring or air pressure with a solenoid resulted 
in the elimination of contact chatter, this desirable 
condition being a result of the inverse load-position 
characteristics of an iron core in a solenoid, as shown 
in Fig. 1. The force tending to hold the contacts to- 
gether decreases very rapidly with slight downward 
movement. Hence, when an acceleration is reached that 


| 








tion of Core ( Distance D). in 


Fic. 1—THE SOLENOID ACCELEROMETER 
The Force Tending To Hold the Contacts Together Decreases Very 
Rapidly with Slight Downward Movement. Hence, When an 
Acceleration Is Reached Sufficient To Start Motion ofthe Core 
Downward, the Movement Is Propagated by the Rapidly Decreas- 
ing Restraining Force 
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is sufficient to start motion of the core downward, the 
movement is propagated by the rapidly decreasing re- 
straining force. 

Previous efforts to eliminate this outstanding defect, 
contact chatter, in contact accelerometers resulted in 
the introduction of other undesirable errors which are 
discussed in articles on Contact-Accelerator Gap-Clear- 
ance’, and Gap-Error’. This also resulted in a very 
definite time-interval of contact opening as, when the 
downward force on the plunger due to acceleration ex- 
ceeded the upward force due to the solenoid pull, the 
plunger moved downward and remained down until 
the acceleration decreased appreciably below the con- 
tact-opening value on the succeeding quarter-cycle of 
the acceleration-time curve. The time interval of con- 
tact opening was found sufficient to permit the operation 
of a counter. 
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Fic. 2—DIAGRAMMATIC VIEW OF THE PRESENT FORM OF 
SOLENOID ACCELEROMETER 


Magnetism from the Iron-Clad Solenoid a Tends To Lift the 
Weight b and Force the Contacts c Together. In Operation, This 
Force Is Opposed by Vertical Acceleration and the Contacts Open 
When the Downward Force Due to Vertical Acceleration Becomes 
the Greater. The Weight b Is Guided in the Solenoid at d and 
at Its Lower End by the Cantilever Spring e. The Latter Also 
Serves as an Electrical Connection to the Lower Contact. The 
Downward Travel of the Weight Is Limited by the Stop f. The 
Upper Contact at c Is Arranged on a Micrometer Screw. By 
Varying the Setting of the Micrometer Screw and the Cantilever 
Spring e, the Calibration of the Accelerometer Element Can Be 
Changed 


Fig. 2 is a diagrammatic view of the present form of 
the instrument, in which the magnetism from the iron- 
clad solenoid a tends to lift the weight b and force the 
contacts c together. In operation, this force is opposed 
by vertical acceleration and the contacts open when the 





*See THE JOURNAL, November, 1926, p. 433. 
®*See THE JOURNAL, August, 1927, p. 121. 
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Fig. 3—STATIC AND DYNAMIC CALIBRATION CURVES 


Close Agreement Between the Static and Dynamic Curves Is 
Apparent. This Curve Also Indicates the Variation in Range 
Which Can Be Secured by Manipulation of the Solenoid Current 


downward force due to vertical acceleration becomes 
the greater. The weight b is guided in the solenoid 
at d and at its lower end by the cantilever spring e. 
The latter also serves as an electrical connection to the 
lower contact. The downward travel of the weight is 
limited by the stop f. The upper contact at c is ar- 
ranged on a micrometer screw. By varying the setting 
of the screw and the cantilever spring e, the calibration 
of the accelerometer element can be changed. A feature 
of convenience in use is the variation of range which 
can be secured by changing the current in the acceler- 
ometer solenoids. 

One of the outstanding features of all contact ac- 
celerometers is the feasibility of absolute calibration 
by using dead weights. Fig. 3 shows the close agree- 





Fic. 4—PRESENT FORM OF THE ACCELEROMETER 


Six Accelerometer Elements Are Enclosed in a Water-Tight Case 
for Mounting on the Axle or Other Portions of the Vehicle 
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ment of the present instrument between dead-weight 
static-calibration and dynamic calibration on the simple- 
harmonic-motion machine. This curve also indicates 
the variation in range which can be secured by manipu- 
lation of the solenoid current. The dynamic calibration 
simulated road service as to displacement and frequency. 
In the present form of the accelerometer, shown in Fig. 
4, six accelerometer elements are enclosed in a water- 
tight case for mounting on the axle or other portions 
of the vehicle. 
THE ACCELEROMETER COUNTER 

Analyses of displacement-time records taken under 
road conditions indicated that a counter must be ¢ca- 
pable of operating not less than 40 times per sec., that 
the total required time for open contacts must not ex- 
ceed 0.003 sec., and that this must be accomplished 
with the minimum possible current at a low voltage. 
Commercially available counters did not even remotely 
meet these requirements. After some development 
work, it was found that the escapement of a conven- 
tional clock-mechanism could be operated at the re- 
quired rate by a differential magnet on a current con- 
sumption of 0.05 amp. at 6 volts. A six-element counter 
of this type was constructed as shown in Fig. 5. The 
counter mechanisms, the Wheatstone bridges and meters 
showing the current in the accelerometer solenoids and 
the voltage on the counters are all incorporated in one 
self-contained unit. The wiring diagram for the coun- 
ter, as connected to the accelerometer, is shown in Fig. 
6. Like a radio-circuit diagram, Fig. 6 only appears 
to be complicated. It consists merely of several Wheat- 
stone bridges, the counters acting as the galvanometers; 
necessary meters, batteries, a polarity-reversal switch, 
and test plugs; and their connections to the acceler- 
ometer solenoids. 


APPLICATION AND RESULTS 


Due to the relatively small size of the accelerometer 
and to its remote connection with the counter, the 
accelerometer can be mounted on a vehicle axle or on 
any other portion of the vehicle desired. This enables 
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Fig. 6—WIRING DIAGRAM FOR THE SIX-ELEMENT COUNTER 


Like a Radio-Circuit Diagram, This One Only Appears To Be 
Complicated It Consists Merely of Several Wheatstone Bridges, 
the Counters Acting as the Galvanometers; Necessary Meters, 
Batteries, a Polarity-Reversal Switch, and Test Plugs; and Their 
Connections to the Accelerometer Solenoids 


measurement of the accelerations transmitted through 
the tires, or through the tires and springs, or, if de- 
sired, through the tires, springs, body, and seat cush- 
ions. In this manner, or by using separate accceler- 
ometers located in each position, the riding-qualities 
of any individual portion of the vehicle can be segre- 
gated readily. 

Since contact chatter has been eliminated, the instru- 
ment is free from errors caused by low-amplitude high- 
frequency vibrations such as are caused by transmission 
and differential gears, and will record only when the 
acceleration has exceeded a predetermined amount. 
Hence, the accelerometer can be mounted wherever 


Fig. 5—S1x-ELEMENT COUNTER 
A Specia: Counter Was Developed Which Will Operate 40 Times 
nisms, the Wheatstone Bridges and Meters Showing the Current 


per Sec. on a Very Low Electrical Input. The Counter Mecha- 


in the Accelerometer Solenoids and the Voltage on the Counters 


Are All Incorporated in One Self-Contained Unit 
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desired without regard to high-frequency low-amplitude 
vibrations. 
STUDY OF TIRES 


In studying the riding-qualities of tires, it was found 
desirable to record the results over a relatively long 
run, perhaps as much as 50 miles. This procedure mini- 
mized the effect of the large number of variables which 
are bound to occur in driving on public highways and, 
it is believed, gives a good average performance for 
the particular equipment under test. Obviously, the 
tests could be extended to include various types and 
conditions of road, driving speed, tire-inflation pres- 
sure, vehicle load, spring-suspension, and numerous 
other conditions that result in actual service. 

Fig. 7 shows some typical results which were ob- 
tained in preliminary tests of the solenoid acceler- 
ometer. The ability of the instrument to differentiate 
between different inflation-pressures in pneumatic tires 
is evident. The curve shown substantiates generally 
accepted opinion as to the relationship between riding- 
qualities and inflation pressure. 

The difference caused by a change in inflation pres- 
sure of 5 lb. is very noticeable and shows that the 
instrument is sufficiently sensitive to indicate the effects 
of major factors of tire design, such as tread contour, 
provided the data are taken over a sufficiently long run 
to get a true average condition. 

It is probable that many applications will suggest 
themselves to engineers who desire to measure vibra- 
tions. The remote indicating means, the relative sim- 
plicity, the ability to change the range by manipulation 
of a rheostat, and the ruggedness of the accelerometer 
proper, combined in one instrument, provide a combina- 
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Fic. 7—TYPICAL RESULTS OBTAINED FROM THE SOLENOID 
ACCELEROMETER 


The Ability of the Instrument To Differentiate between Different 

Inflation-Pressures in Pneumatic Tires Is Evident. The Curve 

Shown Substantiates Generally Accepted Opinion as to the Rela- 
tionship between Riding-Qualities and Inflation Pressure 


tion which has heretofore been unobtainable in various 
devices designed for the measurement of vibrations and 
should appreciably assist those interested in researches 
having to do with vibrations and accelerations. 


THE DISCUSSION 





B. J. LeMoN*’:—Several years ago a project of 
measuring impact was begun by the Bureau of Public 
Roads in which the different types of tire were to be 
employed on different types of commercial vehicle. When 
that research was begun, the development of accelerom- 
eters was in a primitive stage. The company with which 
I am connected developed a sylphon accelerometer which 
was sent to the Bureau of Standards, but when it 
was put on light trucks having worn solid-tires the 
accelerations were too great for the instrument. The 
Bureau of Standards developed a contact accelerom- 
eter which has been used in modified forms for several 
years. Mr. Brown is thoroughly familiar with this 
piece of research work. How much more accurate is 
the type of accelerometer described by Mr. Brown than 
is the type used by the Bureau of Public Roads? 

R. W. BrRowN:—To function in the time interval 
which is available when a truck tire, especially a worn 
solid-tire, hits an obstruction on the road and goes 
over it, an instrument must perform quickly. If the 
instrument has natural periods or other characteristics 
which make it a relatively slow-moving piece of ap- 
paratus, it does not record or indicate the true con- 
ditions. This phase of the matter has been analyzed in 
theory, mathematically, by numerous authorities and is 
a matter of record available to all. It it sufficient to say 





®°M.S.A.E.—Field engineer, tire development department, United 
States Rubber Co., Detroit. 


™M.S.A.E.—Resarch engineer, Stromberg Motor Devices Co., 
Chicago 


that the present instrument, owing to its unique con- 
struction and fundamental characteristics, is entirely 
free from this effect. Any motion caused by vertical 
acceleration which is of sufficient magnitude to open 
the contacts, registers, irrespective of its time interval. 
Unquestionably, the instrument used by the Bureau of 
Public Roads has served a specific purpose. It was a 
forerunner of other types and has been very largely 
used. Most initial products are out-dated rather shortly, 
and the best way in which to handle research engineer- 
ing projects is to change over to newer and better in- 
struments as soon as they are available. 

Speaking of accelerometers in terms of percentage 
error, that is a function largely of the conditions and 
may vary anywhere from 5 to 200 per cent in the case 
of the Bureau of Public Roads instrument. The limi- 
tations in accuracy of the present instrument do not lie 
in the instrument itself, but in the number of cells 
or elements which one can concentrate into a practical 
instrument. Suppose one instrument has an element 
set for an acceleration of 50 ft. per sec. per sec. and that 
the next element is set for an acceleration of 55 ft. per 
sec. per sec. If the first element registers and the 
second does not register, the correct value lies between 
the two elements; hence the result is accurate to within 
5 ft. per sec. per sec. 

F. C. Mock':—One of the first needs in any serious 
investigation of the subject of riding-quality is an ac- 
celerometer that is robust, dependable, easily handled, 
and of such nature that the calibration can be re- 
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checked any time that the results seem questionable. 
It seems to me that the instrument described by Mr. 
Brown meets these requirements very well. Has he 
made any measurements of the vertical accelerations 
such as a driver experiences in the seat of a motor- 
car? Has he made any observations of what accelera- 
tions correspond to different discomforts? Further, 
has he developed the instrument to record accelera- 
tions for a short period, say for the 8 ft. immediately 
following a bump? 

This instrument has another very valuable use. Nearly 
everyone connected with motor-car engineering is in- 
terested in frame and body deflections. We do not 
know whether we want a rigid frame or a flexible frame, 
or a frame rigid at some one point and flexible at others. 
I have thus far seen no way of determining what dis- 
placements occur in an automobile as it is driven over 
a rough road. It seems that, if this accelerometer were 
mounted at the points on the frame where the various 
weights are supported and the vertical accelerations 
were observed at these points, by setting additional 
weights at these points increased over the normal weight 
in the relation of the observed acceleration to gravity, 
it would be possible to create statically the deflections 
and displacements that occur momentarily on the road. 
At least we would have more definite information than 
we have thus far been able to obtain. 

Mr. BRowN :—We have shifted the accelerometer to 
various locations on the car. It records on the seat 
portion very nicely. That is the least difficult posi- 
tion of any we find on the motor-car. The most diffi- 
cult location we found was directly in the center of the 
rear axle, with improperly adjusted bevel-drive gears. 

We have also developed a recorder for the instru- 
ment; in fact, the recorder was developed before the 
counter. It works very well and, in certain instances, is of 
distinct value; but it is extremely laborious to analyze 
the record because, to secure even comparative results, 
the car must be run over a number of obstructions. 
Sufficient mileage must be obtained so that the law 
of averages has a chance to function. Even in repeated 
runs over short artificial roads with artificial ob- 
structions it is difficult, if not impossible, to run over an 
artificial obstruction in the same manner time after 
time. For that reason we abandoned that method of 
work and developed apparatus which would give us with 
reasonable convenience a means of averaging what 
happened in regular service. 

GEORGE L. McCAIN’ :—In a progressive test, when in- 
tegrating at the completion of the run, how do you 
know where the oscillations belong? 

Mr. BRowN:—The counter does not show where the 
accelerations occur. To get that, one must use a 
recorder. 


LOCATING VIBRATION ORIGIN 


Boris P. SERGAYEFF’:—It seems to me that Mr. 
Brown’s instrument will give a rough check of what hap- 
pens. For instance, when the car is operated his device 
will give a record better than that of the other device, 
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Detroit. 
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but where the oscillations originated will be difficult to 
locate. With a soft tire and hard springs, the record 
will be the same as with a hard tire and soft springs; 
hence this instrument will not show where all the shocks 
originate. 

Methods used by Prof. W. E. Lay, using photographic 
records, can be better applied for such a purpose, I 
think. This kind of record can give anything desired. 
Jf the lights are fixed on the car body and on the 
chassis, one can see by the picture what deflection oc- 
curred, how strong the vibration was, how the body was 
deflected, and when the wheels left the road entirely. 
It seems to me that Mr. Brown’s device is very good for 
a rough check; but, for analytical purposes, I prefer 
Professor Lay’s method. 

Mr. BROWN :—By using three actuating elements with 
separate counters, putting one on the axle, one on the 
chassis or above the spring or at the spring-block 
mounting, and one on the seat cushion, and then sub- 
tracting the values shown by the different counters, 
the relative effects of tire, spring and seat cushion on 
damping out acceleration can be obtained. 

Pror. W. E. LAy”:—The tests to which Mr. Sergayeff 
refers were made by putting lights on the front and 
the rear axles, the front and rear of the body, and on the 
man sitting in the seat. That type of test perhaps does 
give us something that the other does not, but it is not 
practicable over any long period. So, both methods 
have their uses. 

WALTER C. KeEys":—I had some experience several 
years ago with the electric-light method of testing. One 
rather serious point at present is that it is practically 
impossible to make an electric-light record of a pas- 
senger or a driver in a closed car, because part of the 
time that the car passes in front of the camera the 
light on the passenger is hidden by the side pillars of 
the body. That makes it rather an impracticable 
method to use, except in open cars with the top down. 

Mr. Brown’s apparatus, which I think has much merit, 
seems to show that the summation of these accelerations 
perhaps is an integrated factor, corresponding to fatigue 
of the passenger. 


OTHER TESTS DESIRABLE 


I should like to have someone make a series of care- 
ful studies on the effects of such things as the com- 
mercial variations in flexibility of springs. One can 
specify a spring having a certain deflection, but not 
very many of that specific rate will be found in the 
season’s production. It would be illuminating and help- 
ful to a designer of spring suspensions to know what 
effect these commercial variations in flexibility would 
produce upon passengers. That would apply also to 
cushion springs and to shock-absorbers. We are coming 
to the day of hydraulic shock-absorbers, and there must 
be a considerable difference in the action when the liquid 
is cold, compared with the condition when the liquid is 
warm. Studies of these things should be made, and I 
hope that someone will make them in the near future. 

I should like also to have someone make tests over a 
bump, so that the front wheels of the car could pass 
over it and then, before the rear wheels pass over it, 
have the bump or obstacle suddenly drop to the level of 
the pavement. That would enable us to study more in- 
telligently the effect of the front-end and the rear-end 
suspensions independently of each other. 





Machinability and Wear of Cast Iron 


Discussion of Thomas H. Wickenden’s Annual Meeting Paper’ 


Ht hme hardness or chemical composition of an iron 
is, by itself, no indication of the wearing prop- 
erty and machinability of the iron. Irons contain- 
ing a large amount of free ferrite have been found 
to wear rapidly, whereas others having considerable 
pearlite or sorbite in their structure show good 
wearing properties. The presence in cylinder-blocks 
of excess-carbide spots or of phosphides of high 
phosphorus-content is deleterious, because such spots 
wear in relief and the material ultimately breaks 
out, acting as an abrasive that scores the surfaces. 

Causes of wear in cylinder-blocks are discussed, 
and nickel, or nickel and chromium, intelligently 
added to the iron is suggested as a means of ob- 
taining the correct microstructure for a combination 
of good wearing properties and machinability. Since 
greater hardness is the result of a harder matrix 


ORLAN W. BOSTON*:—It is not clear to me what the 
relationship is between the machinability of cast iron 
and its wearing qualities, as lubrication would effect the 
wear. 

Some companies are now boring their bronze bushings 
with a diamond tool, removing the burnished surface, 
instead of broaching them. It has been accepted in the 
past that a burnished surface with high luster is the 
best wearing surface. The theory of the better wear- 
ing qualities of the new-style bored bearing is that its 
roughness provides small pockets for the lubricant. 

There are a number of ways of designating ma- 
chinability; almost every company has its own means. 
Sometimes the Brinell test is used on castings and forg- 
ings, but that means very little as an indication of tool 
life. I assume that the author has referred to machina- 
bility in terms of tool life, not the quality of the finished 
surface. 

THOMAS H. WICKENDEN :—There is no question that 
the three factors, machinability, wear, and finish, are 
closely related. In the paper, a casting with good ma- 
chinability means one on which a cutting tool will last 
for a considerable time without regrinding, and a cast- 
ing with poor machinability is one on which the tool 
will dull rather rapidly. 

Finish and wear are closely related. There is no 
question that the present cylinder-block, with its highly 
polished surface, has a better start than the reamed 
blocks of 10 years ago. It will wear much longer than 
one that had a rough finish originally. 

We are familiar with the glazing of cast iron, but it 
is something we know little about. Probably it would 


‘This paper was published in THE JOURNAL for February, 1928, 
p. 206. The abstract is reprinted herewith for the convenience of 
readers of the discussion. The author, who is a Member of the 
Society, is in the development and research department of the 
International Nickel Co., New York City. 
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rather than of an increase in the number of carbide 
spots, it has been found to be a good index of 
the improved resistance to wear, and to overcome 


the difficulty due to the hammering of the valves 
into their seats, 


Analyses of cylinder-blocks, pistons, clutch plates, 
brake drums, cams, and forming-dies, in which nickel 
and chromium have been used, are given, and the 


improvements secured in the performance of these 
parts are described. 


The discussion treats largely of the relationship 
between hardness, lubrication, finish and wear. Wear 
is stated to be much more dependent upon lubrication 
than upon quality of the iron. The use of nickel in 
iron is stated to improve the tightness and homo- 
geneity of the metal. Various methods of testing 
iron for machinability are outlined. 


be well to make a further study of this question. Some 
irons seem to glaze more readily than others. 


LUBRICATION IS THE PRIME ESSENTIAL 


L. A. DANSE’ :—We think this whole question is one 
of lubrication more than anything else. Without good 
lubrication we might need to pay more attention to the 
structure and hardness of the iron. We do not want to 
have the iron too soft, principally because of the psy- 
chological characteristics of the production-engineering 
staff. I do not believe that the softness of the iron 
makes the cylinder and the piston wear faster if they 
are well oiled. Lubrication is much more important 
than the characteristics of the iron. 

We do not use plain iron because it is almost impos- 
sible to cast a plain-iron cylinder-block in our present 
multi-bore design so that it can be manufactured. We 
do not know how to control our foundry practice in any 
way that will allow satisfactory production speed with 
plain irons. One of the best projects that the Society 
can undertake in connection with the machinability of 
cast iron is a standard machinability test. Some of the 
General Motors men evolved a method of their own, 
using an electric-motor drive and standard appliances 
for grinding the drills. This is the best way of which 
we know. 

E. P. BLANCHARD‘ :—We are using nickel in some of 
our foundry mixtures for machine-tool parts. We make 
test bars for every ladle-full of iron that is poured in 
our foundry and test them for tensile strength, Brinell 
hardness and machinability. We do not use a shaper; 
we use a drill, directly motor-driven at a standard speed, 
and a standard test-bar, timing the progress of the drill 
through the bar. The drill is of standard size, with a 
standard grind immediately before drilling. We 
thought we were quite original in this until, in some 
work with Professor Boston two or three years ago, I 
discovered that two German engineers did it long be- 
fore. With nickel mixtures, in some cases, we can get 
higher tensile strength and a closer structure in the 
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iron and still maintain our factor of machinability, as 
shown by the method of testing which I have described. 
As to the wearing qualities, the one part that I have in 
mind is our table spindle, which has a wide conical 
bearing; and we shall have to wait until wear begins to 
show to tell about that. 


CAN LUBRICATION BE MAINTAINED? 


QUESTION :—Is lubrication between piston-rings and 
the cylinder-wall ever good enough so that anyone can 
afford to neglect the wearing properties of iron with 
partial lubrication? 

Mr. DANSE:—We aim to maintain better than a par- 
tial film; we expect nearly a full film, or a film a large 
percentage of the time. When we have this there is 
very little trouble with wear unless the lubricant be- 
comes loaded with abrasive material, such as road dust. 
That might cause considerable difficulty. We are quite 
sure that close-grained iron, which can be easily ma- 
chined, will wear well if proper lubrication is main- 
tained. 

One function of the nickel alloying element in cast 
iron is to give a tight material; another is to make it 
homogeneous and uniform. Aside from making a tight 
and close-grained casting, I do not know whether nickel 
affects the wearing properties. With reasonable lubri- 
cation, such as we have in most automotive construction, 
there is little trouble. A series of tests at the General 
Motors Research Laboratory revealed some very inter- 
esting things about the wearing properties of iron. 
Irons of 15 or 18 different analyses were made, with 
hardness ranging from 100 to nearly 300 Brinell. The 
difference in wear was negligible, so long as a film of 
lubricant was maintained. The film might be oil or tar 
or rubber or even soapy water; as long as the film is 
there the iron will resist wear. 


LESSONS FROM VETERAN CARS 


RALPH H. SHERRY’:—I should like to confirm Mr. 
Danse’s statement. Combined carbon is desirable in a 
cylinder-barrel but is not always obtained without hav- 
ing too much in flanges and other portions that cool 
more rapidly than the barrel. Low combined-carbon 
does not necessarily mean rapid wear, if some examina- 
tions of cylinder-barrels from service are a guide. In 
the cylinder-barrels of three old cars that had run 
50,000 to 70,000 miles, the combined carbon was found 
to be from 0.08 to 0.12 per cent. The wear was slight, 
only about 0.003 in. Lubrication had been good. An- 
other cylinder from service, found to have 0.40 per cent 
of combined carbon in the barrel, showed heavy wear, 
evidently due to poor lubrication. The flanges of this 
casting were too hard. 

Trials with chromium-nickel and nickel iron favored 
the nickel, but there is no indication that the addition 
of these elements increases wear or that low combined- 
carbon means rapid wear. Wear depends upon lubrica- 
tion, primarily. 

Mr. DANSE:—Cylinder trouble often is due to corro- 
sion rather than to wear. T. A. Boyd, of the General 
Motors Research Laboratory, has presented a splendid 
paper® in which that subject was treated. 





5 M.S.A.E.—Consulting metallurgical industrial engineer, Evan- 
ston, Tl. 
6 See THE JOURNAL, June, 1926, p. 641. 


TESTS FOR MACHINABILITY 


PROFESSOR BOSTON :—Several things occur to me that 
are of interest in regard to methods of testing ma- 
chinability. At the University of Michigan we have 
equipment for measuring the machinability of metals 
by several different methods. 

First, we have a motor-driven 36-in. shaper equipped 
with a recording device to measure the power consump- 
tion of a standard tool cutting any metal. I have little 
faith in this method, as the wattmeter readings indicate 
the total power-input for the machine, while other 
methods measure the output, or the effect at the tool 
point. 

Second, we have a 36-in. x 12-ft. planer on which is 
mounted a dynamometer to measure the force in the di- 
rection of the cut of a tool standardized for this par- 
ticular purpose. This will measure a force up to 6000 
lb., within an error of 1 per cent or certainly not more 
than 2 per cent. I believe this to be the best method of 
measuring machinability in relation to the force re- 
quired for cutting. 

Third, we have a drill-press on which is mounted a 
dynamometer that will register independently the 
torque and thrust imposed upon a drill, standardized 
for the test. As the thrust absorbs not more than 1 per 
cent of the total power consumption, torque is the pre- 
vailing factor, and tests I have conducted show that the 
torque for a given metal corresponds very closely to the 
force on the planer tool. If one is high, the other is 
high, and the tool curves will be more or less parallel. 

A fourth method is testing with a drill, having a 
definite load on the spindle and measuring the penetra- 
tion for say 100 revolutions of the drill. This is the 
method to which Mr. Blanchard referred. 

In all these tests it is a question as to just what is 
measured. They measure the ease of cutting, but are 
we particularly interested in that? So far as I am 
aware, the force on the tool has no definite relation to 
tool life. Perhaps, it is more closely related to the 
Brinell hardness. We are measuring the machinability 
of a number of cast irons and non-ferrous metals by all 
of these methods and trying to determine the one that 
indicates most closely the characteristic in which we are 
most interested, which is the endurance of a tool such 
as a boring or turning tool. Unfortunately, it is not 
practical for us at the University to have sufficient test 
bars to wear out the tools. That can be done only in 
commercial operation. 

My own experience has shown absolutely no con- 
sistent relation between Brinell, Rockwell and sclero- 
scope numbers, or between those numbers and the force 
required to cut the metals, as a group. Brinell does 
indicate the force on a standardized tool, however, for 
some steels in one group, other steels in a second group, 
and cast irons in a third group. 


HARDNESS AND MACHINABILITY NOT RELATED 


Mr. WICKENDEN :—In the first part of the paper I 
tried to emphasize that there is no general relation be- 
tween the hardness of an iron and its machinability. 
This was illustrated by the fact that several irons of 
the same Brinell hardness showed widely different ma- 
chining characteristics, which was explained by the dif- 
ference in microstructure. This difference was shown 
to be due to free carbides or phosphides in the iron, 
which increased the difficulty of machining entirely out 
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MACHINABILITY AND 


of proportion to the increase in hardness. Further, if 
the hardness of the iron was increased without the pres- 
ence of free carbides, then the difficulty in machining 
was about in proportion to the hardness of the iron. 
Cases can be cited where an iron of 180 Brinell hardness, 
containing free carbides, gave more difficulty in machin- 
ing than an iron of 240 Brinell hardness which was free 
from these carbide particles. 

There is no argument over the question that proper 
lubrication is a prime factor in preventing wear between 
two rubbing surfaces, but when the lubrication is sparse 
or the unit pressures between the surfaces are extreme- 
ly high, tending to squeeze out the lubricant, then the 
wear-resistant properties of the metals themselves play 
the important part. The latter condition exists between 
gear teeth, in some cam actions, often in forming dies, 
and in unlubricated brake-drums. In these cases, the 
nature of the cast iron is of vital importance, and tests 
have shown that an iron of high hardness, free from 
free carbides, results in the best combination of wear 
combined with ability to machine the piece. As stated 
in the paper, iron of this type, with Brinell hardness 
of 260 or more, was found to be machinable without 


7™M.S.A.E.—Chief inspector, White Motor Co., Cleveland. 
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difficulty because of its freedom from hard spots; and 
it increased the life of cams, dies and gears to 5 or 10 
times the life previously obtained. 

W. S. Howarp':—Which methods of applying the 
nickel to the mixture give the most uniform and homo- 
geneous metal; adding the nickel in the ladle at the 
spout, or having it in the pig and putting it into the 
cupola? 

Mr. WICKENDEN :—Properly handled, I think there is 
no choice; most of the nickel now is being added in the 
spout, and, if this is properly done, the results are very 
uniform. There are certain precautions to observe in 
making the additions, namely: to prevent the nickel 
from touching the sides of the spout, in which case it 
would tend to stick and not mix uniformly; and to get 
it under the surface of the metal without getting it on 
the bottom of the ladle. We have developed several 
methods of doing this and have made tests of the nickel 
content in every casting made from a large ladle, finding 
that the nickel checked as closely as you would expect 
any series of chemical analyses to check. 

Mr. DANSE:—Our experience is that the size of the 
shot has something to do with that. If the shot is not 
too large the diffusion is good. 





Facilities for European Motor-Touring 


ORE than $30,000,000 will be spent in European coun- 
4 tries this year by American motor-tourists, who will 
take 4000 cars abroad, according to Motoring Abroad, 
annual publication of the foreign division of the American 
Automobile Association. Foreign governments are Ccoop- 
erating with the A.A.A. in its efforts to simplify customs 
regulations and to remove all possible annoyance in con- 
nection with foreign touring. Steamship lines have 
arranged to transport automobiles uncrated and at a flat 
rate according to weight. 

The A.A.A. is a member of the Alliance Internationale 
de Tourisme, which is composed of the leading touring 
clubs of Europe and the United States and has a combined 
membership exceeding 2,500,000. The A.A.A. is empow- 
ered to issue the necessary customs documents which will 
permit a car to circulate through the various foreign coun- 
tries without the payment of duty. 

American license-plates and driving-licenses are not 
honored in most European countries; therefore, there is 
required, in addition to American passports, a triptyque 
or carnet de passages en douanes, and an international 


traveling pass. The triptyque is a customs pass for tem- 
porary importation of a car into only one country. The 
carnet de passages en douanes (customs carnet) is an inter- 
national pass for importation of the motor-vehicle into 
12 of the most important touring countries of Europe, 
including Great Britain, the Irish Free State, France, 
Italy, Belgium, Switzerland, Holland, Germany, Austria, 
Norway, Denmark and Sweden. American licenses are 
accepted in Italy. 

The amount of duty which the A.A.A. assumes to the 
various foreign governments by their issuing the triptyques 
or customs carnet must be covered by members through 
arrangements with the foreign division. 

The international travel pass, which is secured in advance 
for members by the foreign division, eliminates the neces- 
sity of re-registering in each of the countries visited and 
is used in the same manner as American driving-licenses. 

Port representatives of the A.A.A. will be found at Ant- 
werp, Boulogne, Bremerhaven, Cherbourg, Genoa, Glasgow, 
Gothenburg, Hamburg, Havre, Liverpool, London, Naples, 
Plymouth, Queenstown, Rotterdam and Southampton. 





Robots 


| AJOR RAYMOND PHILLIPS, of London, is reported 
4 to have invented an apparatus, somewhat similar to 
the Televox, which will stop all the machinery in a factory 
whenever anyone shouts “Help!” A Connecticut engineer 
claims to have constructed a device which opens his garage 
door, starts the engine and drives the car to the front steps 
on spoken order to a microphone inside the house. How- 
ever, these are not the real uses for such inventions. It is 
probably less trouble to go get the car than to keep the 
temperamental electric gadgets in working order. Mechan- 
ical Robots to do our daily work are entirely possible; they 
are even easy. But nobody would want them. Most men 
would rather climb into bed unassisted than have a cog- 
wheel valet tuck them in. 

It is otherwise with tasks that men fear. A mechanical 


observer will take the place of a human being in the crater 
of a volcano, and send through unwavering reports till it is 
destroyed. Three-fourths of the earth’s surface, covered 
by the deep sea, no man has ever seen. Electric eyes, ears, 
and arms sent down 6 miles beneath the waves might 
report strange things of fish with luminous lanterns, and 
life under a water pressure of 5 tons to the square inch. 
Let the more practical-minded think of a machine that 
could find the sunken gold in a lost treasure ship, load it in 
a bucket, and send it up a rope. 

What these inventions are most apt to do is to take 
over the tasks too dangerous or too disagreeable for men. 
They are merely new tools to better the senses, lengthen 
the arms, and ease the labors of mankind.—E. E. Free in 
Review of Reviews. 
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Scientific Valve Reconditioning 


By Jack Frost! 





New ENGLAND Section PAPrer 


ALVES as a source of noise and car trouble are 

discussed by the author, who defines perfect valve 
action as the complete, quiet closing of the valve at 
any speed and shows by sketches and description what 
is necessary to secure this. 

Most emphasis is placed on misalignment of the 
valve-head with the valve-stem or valve-stem guide 
as the reason for 90 per cent of valve trouble, such as 
noisy operation, sticking valves and burned valves. 

Misalignment is ascribed to slight distortion of the 
engine-block, the valve-stem guide and the valve seat 
due to seasoning of the cast iron as a result of the 
heat of combustion. Seasoned cylinders and valve 
guides are superior to new ones, but after the guides 
have become set in the first 1000 to 2000 miles of car 
operation, the valve-seats should be reconditioned as 
soon as possible if the engine shows such recondi- 
tioning to be needed; otherwise the failure of the 


been keeping pace with other progressive steps in 

the evolution of our automobiles into the power- 
ful and smooth-running cars we have today. Few in- 
deed, however, are the engines that can accumulate any 
great mileage in use without valve trouble, which is 
made evident by repeated visits to the service station 
to have the tappets adjusted and sticky valves freed or, 
in some cases, to have a burned valve replaced. 

Valve trouble in most cars means lack of power; the 
engine will not idle, the car will not climb a hill as it 
used to do; some simple indication tells a man that his 
car needs the valves ground. 

Perfect valve action is complete, quiet closing at any 
speed. To show what is necessary to secure this I have 
made some simple sketches that cover the principal 
causes of 90 per cent of the valve troubles that have 
been encountered ever since the advent of the automo- 
bile. At the left in Fig. 1, I have attempted to show a 
valve-seat in perfect alignment with the center line of 
a perfect valve-stem guide. The left-center drawing 
shows a perfect valve having the face concentric with 
the center line of the stem. At the right-center is 
drawn a valve with the head and face warped from the 
correct angle with the center line of the stem. 

Assuming that the guide measures 0.375 in. in di- 
ameter and these two stems measure 0.374 in. each, the 
guide clearance is 0.001 in. This is as close a fit as will 
allow a valve to drop of its own weight in a hole or 
guide of this size. The valve at the right-center in Fig. 
1 would not seat itself. The low side would strike and 
the valve would be held open on the opposite side. The 
valve at the left-center will seat perfectly, as its face 
will touch the entire circumference of the seat, and the 
valve does not require more than its own weight to seat 


1Sales manager and field engineer, Willis-Jones Machine Co., 
Detroit. 
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Illustrated with Drawines 


valve to seat perfectly leaves a slight opening through 
which the burning gases rush at great velocity and 
burn the valve and warp the stem. 

The relation of clearance between the valve-stem 
and its guide to wear of these parts and to noise and 
carbon deposition in the guide is discussed. Width 
and angle of valve faces are also considered. 

Methods of reconditioning valves with machines for 
the purpose are described, and the use of replacement 
valve-seats and of valves with oversize stems is advo- 
cated. 

The discussion consists mainly of questions asked 
and answers to them given by the author regarding 
the best angle of the faces of the valve and the valve- 
seat, use of specia] heat-resisting metals, mercury- 
cooled valves, alteration of the volumetric capacity of 
the combustion chamber, the best method of determin- 
ing misalignment, and the like. 


itself. For the valve at the right-center to seat, it is 
necessary that the clearance between the stem and the 
guide be sufficient to permit the stem to assume an 
angle in the guide corresponding to the misalignment 
between the valve face and the valve-stem, as indicated 
at the extreme right in Fig. 1. 


How WARPED VALVES PRODUCE NOISE 


In the manufacture of valve mechanism in automobile 
plants, there has been much guesswork as to the clear- 
ance to give between the valve-stem and the valve-stem 
guide. Some plants give 0.0015-in. clearance on a new 
job; others as much as 0.0080 in. These clearances are 
given in the different plants, service stations and repair- 
shops to avoid the sticking of valves, without consider- 
ing the loose fit as a source of noise, as well as the tap- 
pet adjustment and the valve-springs. 

Whether the clearance is 0.0015 or 0.0100 in., the 
stem must have enough clearance in the guide to close 
through any eccentricity present. The spring pulls the 
stem sharply against the wall of the guide with a sharp 
metallic click, unless the clearance is excessive. The 
valve-spring on all automobiles is designed with just 
enough tension for closing the valve at top speed of the 
camshaft. It will travel or extend at only one given 
speed, according to its tension, but the camshaft has a 
variable speed. To illustrate, on a popular racing car 
in use today, a valve about 1 in. in diameter is used 
with a spring tension of 138 Ib. At 6000 r.p.m. of 
the engine, the pressure between the push-rod and cam 
falls to % oz. and the valve barely closes before the cam 
comes around and begins opening it again. Conse- 
quently, if any unusual misalignment is present, not 
only are the engine speed and power reduced, but the 
warping and burning of the valves quickly send the car 
to the pits. 

The valve we tried at first and used for many years 
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SCIENTIFIC VALVE RECONDITIONING 


was of cast iron. To mate the faces of the valve and 
the valve-seat, we used to grind the valve, putting 
abrasive compound between the two faces and some- 
times grinding for hours. With the early engines, valve 
troubles did not cause much concern; other troubles 
overshadowed them. But with high-speed engines, 
warping and burning valves began to be noticed. Those 
troubles resulted in bringing out the steel valve, of 
which more than 100 makes are now in the market. 
Engineers at the car factories keep changing the makes 
they put in the engine in the hope of avoiding the warp- 
ing and burning. They have done very little, however, 
with regard to the guide, the spring, or the seat. 


CAUSES OF BURNED VALVES 


In most cases when an engine is taken down, it is 
found that only one or two valves are burned. If the 
metal in the valve were at fault, all the valves would 
burn under the same speed or 


heat conditions. When a patna —psiyiyy 
valve does not close complete- gen, a ee 
ly, the compressed burning VA 


gas, which reaches, under or- 
dinary operating conditions, a 
temperature of 1500 to 2000 
deg. fahr., is forced with 
great velocity through the 
small opening left and burns 
the valve face or warps the 
stem. 

Were it possible to cut the 
valve-seat in perfect align- 
ment with the guide and to 
cut the valve face true with 
the stem, we should not re- 
quire more than 0.0015 in. 
clearance between the stem 
and the guide. Assume that 
the valve-seat and the valve- 
stem guide are perfectly true 
with each other and that the 
valve face is true with its 
stem when the engine is as- 
sembled at the factory; still 
the seats and guides are sub- 
ject to seasoning, as is the case with all parts made of 
cast iron, and the intense heat generated in the automo- 
bile engine brings a rapid change in the texture of the 
metal and distorts these parts. 

In the seasoning of cast iron, the metal becomes ir- 
regular in density and hardness, sometimes produc- 
ing spots or portions that are many times harder than 
the surrounding metal. Should one or more of these 
hard spots appear in or near the surface of the valve- 
seat, the hammer-like blows of the valve will tend to 
produce faster wear in the softer metal at the opposite 
side of the seat. 

Although the seasoning and resultant warping of cast 
iron starts with the cooling of the casting in the foun- 
dry, this action continues indefinitely but diminishes 
slowly with age or use. The valve-stem guides some- 
times require from 1000 to 2000 miles of running before 
they have become permanently set or seasoned. Thus, 
every hour’s operation of the engine adds to the value 
of the material in these parts, but makes it necessary to 
service or recondition the valve-seats as soon as possible 
after the engine shows such reconditioning to be needed. 
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VALVE-STEM GUIDE LOSES ITS ALIGNMENT 


The guide, a small cast-iron member held by less than 
50 per cent of its own length and extending, as it does, 
into the valve port where the heat from the burning 
gas has greater opportunity to warp it, soon loses its 
perfect alignment with the seat and changes the direc- 
tion of travel of the valve. The spring has the power to 
close the valve regardless of this untrue condition, but 
does so through a second unnecessary movement, the 
valve striking a small portion of the seat first and then 
gaining the full seat through a pendulum-like swing of 
the stem. This produces a metallic click that defies re- 
moval through cutting the tappet clearance. 

Sticking valves are produced through the same mis- 
alignment. Fifty thousand to 100,000 times a day the 
valve is opened and closed in the normal running of an 
automobile. Under the best conditions, this side-slap of 
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Fig. 1—VALVE-SEAT, PERFECT AND WARPED-HEAD VALVES, AND VALVE-GUIDE HAVING 
EXCESSIVE CLEARANCE NEEDED TO ENABLE A MISALIGNED VALVE TO SEAT ITSELF COoM- 


PLETELY 


The Valve-Seat at the Left Is in Perfect Alignment with the Center Line of a Perfect Valve-Stem 
The Left-Center Drawing Shows a Perfect Valve Whose Face Is Concentric with the 
Center Line of Its Stem. At the Right Center Is a Valve Having a Warped Head That Cannot 
Seat Properly on the Valve-Seat Unless Excessive Clearance Is Provided in the Valve-Stem 
Guide, as Shown at the Extreme Right. 


of the Valve-Spring, Results in a Clicking of the Stem against the Side of the Guide When 


This Excessive Clearance, Combined with the Action 


the Valve Seats 


the stem will produce carbon to such an extent that it 
will seal the valve-stem in its guide regardless of the 
amount of clearance, so that in some cases it becomes 
necessary to use a crowbar to get the valve out of the 
guide. It has been thought that most of this sticking 
was caused by the peening on the end of the stem, and 
this has been ground off and the valve put back without 
taking the carbon out. The carbon, however, added to 
the misalignment because it packed one side of the guide 
more than on the other. In too many cases hand pilots 
have been used to cut the seat in line with the bore of 
the carbon and not with that of the guide. 


STEM INACCURACIES AND GUIDE CLEARANCE 


Throughout the years of progress in the development 
of the internal-combustion engine the valve has re- 
ceived more than passing attention of the engineer and 
others in the motor-car industry but the valve-seats, 
guides and springs have, in most cases, been neglected. 
If the engineer wanted higher speed he enlarged the 
valve and gave the spring more tension. Guide clear- 
ance was, and is, mostly a matter of personal opinion. 
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Guide clearance depends upon the accuracy with which 
the job as a whole is built. If a valve-seat is absolutely 
square with the valve-stem and the valve face is per- 
fectly concentric with the stem, the valve will not need 
grinding; it will need nothing but a spring of proper 
tension. When such a spring has been put on, the en- 
gine can be started with assurance of perfect valve 
action. No more than 0.0010 or 0.0015-in. clearance 
will be necessary so long as these parts retain such 
accuracy. 

No valve manufacturer will take a contract today 
to furnish valves with accuracy greater than 0.0015-in. 
concentricity of face with stem, or 0.0005 in. plus or 
minus on the stem size. It is impossible, with any 
reamer one can buy, to ream the guides with any assur- 
ance of two holes giving the same stem clearance. If a 
hard spot is struck near the top, the taper on the reamer 
will cause the reamer to go in at an angle for awhile. 
A plug gage may fit the first inch perfectly but, to pass 
all the way through the hole, the gage may need to be 
0.0015 or 0.0020 in. smaller. Consequently, in the manu- 
facture of valve guides, a “go” and a “no go” gage, 
differing in size by 0.0010 or 0.0015 in., are used. 

A large stem on one valve in a small guide will give 
the low clearance while the next valve may have a small 
stem and give the opposite condition. A difference of 
0.002 in. in the actual clearance is likely to be found 
on any job, and this cannot be overcome, as yet, in pro- 
duction, so it is necessary to have sufficient clearance to 
take care of the inaccuracies. A little valve-refacing 
machine is guaranteed to recondition valves within cer- 
tain limits, but if the manufacturer of the valve, with 
his heavy type of machinery, cannot guarantee concen- 
tricity better than 0.0015 in., one should not be sur- 
prised if the valve-refacing machine, a small portable 
tool, will not cut closer than that. 

Although any good valve-spring having a tension of 
50 lb. or more will perform its work perfectly at low 
or normal engine-speeds, it is necessary with any valve- 
spring to put so much resistance into it to completely 
close the valve at the maximum speed of the camshaft 
that at lower speeds the power exerted will close the 
valve through any normal amount of misalignment. 

Experiments made recently at a motor-car factory 
have resulted in the development of a new double spring. 
Through the help of K. T. Brown’, I was afforded an op- 
portunity to see the test room where one of the engi- 
neers was using a machine called the strosboscope, 
which enables the engineer to observe the movements of 
valve-springs accurately. This was set to watch the 
action of the valve-spring in actual engine operation. A 
cam was driven by an electric motor, as perfect a valve 
as the company could make was in place in a guide of 
the regular length, the seat was perfect with the guide, 
and the valve-stem and guide had a total clearance of 
0.004 in. All kinds of valve-springs were tried, and 
one of the most remarkable facts noted was that one 
theory of many automobile men, that valves bounce on 
the seat, was refuted. They do not bounce unless the 
spring is weak. Only one valve-spring permitted the 
valve to bounce on its seat, and that spring had its two 
ends out of parallel more than % in. and had only 
40-lb. tension. 

However, all springs put through their paces for me 
showed a distinct oscillation. After the valve gained 


2M.S.A.E.—General service manager, Packard Motor Car Co. 
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its seat, the coils continued to move up and down, not 
striking each other, however, until a speed equivalent to 
a car speed of 35 or 40 m.p.h. was reached. The single- 
coil springs had a weaving action also at 50 to 60 m.p.h. 
Only the spring with the ends so far out of parallel 
swung the valve-stem enough at 35 m.p.h. to permit 
the stem end a maximum movement of 0.002 in. in 
each direction from center, with only 0.004-in. clearance 
in the guide. So it was shown that the valve-springs 
do not produce the noise at idling speed that many of us 
have thought in the past. 

Most of us have turned a spring around or put in a 
new one and stopped a valve noise. Misalignment of the 
valve and its seat with the guide was the cause of the 
noise, and this was corrected by the turning of the 
valve. The company to which I have referred is using 
two intercoiled springs of 50 per cent less tension than 
a single spring, which permit of more resilient action 
without the stiff rigid closing at low speeds. These 
springs showed no oscillation or spring chatter and no 
weaving below a speed of 80 m.p.h. 


“‘LOW-SPEED BUCK” AND ITS CAUSE 


It is safe to say that 90 per cent of the so-called valve- 
reconditioning jobs done by the garage and service man 
will not rank greater than 50 per cent of perfect. The 
valve face is remated with its seat, as proved by a blue 
test, a gasoline test, or by perfect compression on the 
dead engine. After that, if anything is still wrong, it 
is blamed on the carbureter or on the ignition. 

“Low-speed buck,” as we call it, does not develop with 
all automobiles when they lose perfect valve action, but 
in those that do get it more grief and expense is caused 
than by any other one thing. It has been blamed upon 
the carbureter, the ignition, the universal-joints, slack 
in the transmission, the differential gears, and even 
upon the spring shackles, and we have records showing 
that as much as $500 has been spent on a single auto- 
mobile to cure low-speed buck. 

After the valves have been ground on two automo- 
biles of the same make that have run the same mileage, 
one will perform perfectly and the other will have low- 
speed buck. Why? If on every cylinder of the one job 
the valves are within 0.002 or 0.003 in. of perfect align- 
ment, there will be no power loss through the valves at 
normal speed or more, say above 40 to 50 m.p.h.; but, if 
there is a serious misalignment on one or two cylinders 
of the other car, we can get the same perfect blue test 
and perfect compression test, yet at 10 m.p.h., when the 
load is greatest on the engine, the slower complete 
closing of the valve which weakens the compression of 
that one cylinder will result in low-speed buck. 

In many cases we have been working on the idea that 
the valve was at fault, when it was the valve-seat and 
guide. They are just as important as the valve and are 
more easily disturbed and damaged. It has been learned 
through extreme adversity that the valve face must be 
true with its stem, and we have therefore developed 
valve-refacing machines to make the work of remating 
the valves with their seats easier and to save the cost 
of new valves. 

It is impossible, when a valve-guide warps and loses 
its original alignment with the block and the valve-seat, 
to bring it back, yet it is ridiculous to replace it. From 
1000 to 2000 miles of operation is needed to season the 
cast-iron guide and the cylinders thoroughly. We 
learned that long ago. Years ago motor-car manufac- 
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turers refused to allow us to put in an oversize piston 
and warned against oversizing the cylinders. Today 
they furnish their dealers and repair-stations with over- 
size pistons, practically all of the industry now recog- 
nizing that the cylinder, in seasoning, becomes much 
more valuable than it was when new. The first 10,000 
to 15,000 miles of operation of any engine makes the 
set of cylinders worth a dozen new ones, so far as warp- 
age is concerned. On most of them warpage of 0.005 
to 0.015 in. occurs in 15,000 miles of running. After 
reconditioning the cylinders and running the engine 
for the same distance again, the warpage will be very 
little. The little valve-guide, then, is imperfect until 
it has warped and settled. We must then cut the valve- 
seat true to the new angle that the guide has taken to 
remedy the condition. 

Car manufacturers have also tried to discourage the 
use of valves with oversize stems. At that time the only 
tool available for use on valve-guides was a reamer 
having a tapered end starting from the standard-size 
valve-guide and quickly increasing to 0.015-in. over- 
size, the only oversize valve we have ever considered or 
had. All that could be done was to enlarge the hole. 
A reamer is designed and intended only for enlarging, 
not for truing. The car companies recognized this and 
supplied only standard valves. They also felt that to 
furnish oversize valves would make it necessary to 
carry too many sizes in stock. So they did it the easi- 
est way and sold the customers a new guide. Today 
there are, I think, seven factories that recommend 
the use of oversize valves, because equipment is to be 
had for oversizing the guides correctly according to 
mechanical principles. 


HARD SPOTS CAUSE CUTTER CHATTER-MARKS 


If one must cut a seat in metal that contains different 
degrees of hardness, the cut will show slight chatter 
marks if examined closely. It is impossible to prevent 
these chatter marks. When the cutter reaches the hard 
spots, regardless of the weight of the tool, it will first 
slow down and then speed up as it gets through the 
hard spots, pulling the softer metal beyond or forcing 
the cutter away. If, after cutting the seat as perfectly 
as possible, an attempt is made to grind it, the grinding 
compound is resisted by the hard spot and the seat is 
ground into further misalignment because of the softer 
metal opposite taking the grinding far faster than the 
hard spot. 

It is sometimes said that it is foolish to cut away the 
scale when recutting the valve-seat, as it has been a 
long time in arriving at the condition of a glazed, hard 
surface. However, if cutting is done with compound 
and with the valve only, the scale is being cut and it is 
not known whether the alignment is being corrected. 
If the seat is being cut before grinding, all scale must 
be removed from the full surface; otherwise a hard, 
glazed spot will be left that will resist the pounding of 
the valve while permitting the soft metal on the oppo- 
site side to be pounded into misalignment. 

Much difference of opinion exists as to the proper 
width of the valve-seat face. Some motor-cars have a 
seat width of 1/64 in. and some have about 5/32 in. 
The best width of seat that I have found in my work is 
about 3/32 in. The seat should not be less than 3/32 
in. on the smaller valves. In re-cutting the valve-seat, all 
scale and glaze is removed and the surface is left furred 
or soft. If the seat is too narrow, the hammer-like 





blows of the valve will easily pound this down, con- 
stantly changing the tappet clearance. 


WHEN VALVES SHOULD BE REPLACED 


Upon removing valves for grinding, and after clean- 
ing carbon from the valve and stem and checking the 
stem for wear, it should be remembered that, if the 
guide shows 0.002-in. wear, a new valve-stem would 
have a possible 0.006 or 0.007-in. clearance. To pre- 
vent possible leakage of the exhaust and imperfect 
carburetion, the valve-stem should not show wear in 
excess of 0.003 in. It is not the amount of wear on 
either the stem or the guide that gives trouble, but the 
excessive clearance that would result in wear showing 
in both units; therefore, through the aid of plus pilots, 
we must check the guide size and replace the valves if 
the old stem shows that clearance will be greater than 
0.008 in., or must rebore the guide and use new valves 
with oversize stems. 

It should also be remembered, when chucking or hold- 
ing the valve-stem for refacing, that the wear on the 
stem is not evenly distributed. When attempting to 
reface a valve showing excessive wear on one side of 
the stem, be sure to hold the valve-stem by the unworn 
section just above the point of wear. If the refaced 
valve is very thin at the outer edge, the valve should be 
replaced, as the thin edge will burn. 

It is a good plan to test the setting of the work-head 
of the valve-refacing machine with a new valve and, 
after locking the head on a 45-deg. angle, to grind or 
sharpen the 45-deg. seat-cutters so that seats and valves 
will have the same angle and mate perfectly. 

Do not, under any circumstances, lap the valve to 
the seat heavily, as it is possible to ruin a seat and 
never secure a true result from the work. Only light 
lapping is ever necessary if the seat and the guide are 
true with each other and the valve face is true with the 
stem, and then only to remove slight chatter marks. 
Should any blank spots appear on the valve, this would 
show faulty refacing and the valve-refacing machine 
should be corrected. Should blank spots appear on the 
seat, the tool should be set up and checked with a new 
cut with the 45-deg. cutter, making sure that a com- 
plete circle is cut before disturbing or removing the 
cutter. 

TREATMENT FOR WORN ROCKER-ARMS 


On all makes of poppet-valve engines there are a 
great many noise-producing parts and all must be 
checked if perfect valve work is wanted. In the case 
of one engine which had a double spring, the spring- 
retaining thimble was the least bit bent and caused the 
center spring to touch the outer spring in passing. 
This engine was worked on for about 2 weeks before 
the cause of the trouble was found. 

With automobiles having valve-in-head engines there 
are more points for difficulty than with the T-head or 
L-head engine, one being the rocker-arm. It will be 
found upon examination that the rocker-arm shows 
wear where contact with the valve-stem end is made. 
Sometimes the wear is crescent shaped and sometimes 
forms a complete circle. In reassembling the parts, the 
same alignment of the valve cannot be secured; the 
valve-stem is likely to strike on the edge of this worn 
section and the valve to go through a second motion in 
closing. A shim cannot be inserted with any degree of 
accuracy and therefore more noise is produced. The 
only solution is to regrind the rocker-arm. 
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There must be, in the rocker-arm bearing, at least 
0.003-in. clearance on the shaft size. It must be free; 
clearance there will not produce a noise. A clearance 
of 0.001 in. will cause 10 times as loud a noise as 0.005 
in. The oil film will cushion the blow if there is enough 
clearance; but if, for any reason, the fit is too tight 
the valve will strike on one side and the cam or the 
push-rod on the opposite one. 

If the end of the stem is reground square to the 
center and the rocker-arm is not square with the valve 
alignment, it will strike on one sharp edge. However, 
a V-block is furnished in all valve-refacing equipment 
and, if one end of that is raised about 0.002 in. from 
square and the valve-stem is revolved rapidly with the 
end against the side of the stone, a slight bevel will be 
produced on the end of the stem. This will permit of 
more accurate adjustment, and all valves will be easily 
set to the same tappet clearance. 


THE USE OF REPLACEMENT VALVE-SEATS 


Through too stiff a spring action or too soft metal in 
the casting, sometimes aided by the misguided efforts 
of the mechanic, valve-seats become so wide and dis- 
placed so far below their normal position in relation to 
the face of the block that results detrimental to perfect 
valve action follow, sometimes destroying the cylinder- 
heads and blocks. Many repair-shops and service-sta- 


tions today are using some type of tool for installing 
new valve-seats. These tools can be obtained for virtu- 
ally all makes of poppet-valve engine. 

In developing a replacement seat it was necessary to 
use a metal that would not shrink and become loosened 
in the counterbore, that was tough enough to withstand 
driving into place, and that was hard enough to with- 
stand the hammer-blows of the valves, so we may expect 
to get better service and longer life from the replace- 
ment seat than from the original seat cut in the surface 
of the block. When the replacement seat does become 
worn or pounded down, it is easy to remove it and in- 
stall another in its place. 

Today, the sales division of a motor-car company 
must not only deliver a product that reflects the dollars 
invested in it by the purchaser but must make every 
effort to keep the purchaser satisfied that his choice of 
an automobile was not wrongly placed. Only well- 
equipped service-stations are able to do this. With the 
aid of tools and equipment developed from methods or 
ideas used before, and brought to present-day perfec- 
tion for faster or more accurate work, or both, they 
can recondition virtually all parts of the motor-car with 
positive assurance that the work will bear rigid inspec- 
tion and prove satisfactory. Most of the car manufac- 
turers are maintaining schools or service clinics for the 
education of the mechanic in the use of equipment. 


THE DISCUSSION 


QUESTION :—If a valve-head has been warped at the 
side, how many thousandths of an inch is it advisable 
to rectify that by regrinding? A badly warped valve 
would be out of balance if reground. 

JACK FROST:—No definite amount of warpage would 
make a valve unfit for use if the stem were straight, 
and regrinding of the face should correct the misalign- 
ment. I do not think the balance would affect the run- 
ning of the engine. However, if one portion is ground 
enough to produce a sharp thin edge, this will permit 
quicker acceptance of heat and possibly a burned valve. 

QUESTION :—Are you committed to the advantage of 
the conical over the flat seat? 

Mr. FrRosT:—The degree of the angle on the valve 
face is entirely a matter of personal opinion among en- 
gineers. No motor-car builder with any experience will 
go to less than 30 deg. toward the flat valve. Most 
manufacturers use 45 deg., for the simple reason that 
a 45-deg. angle is like two funnels, one nesting within 
the other. Therefore, less spring weight is required 
than is needed to hold two flat surfaces tightly enough 
together to hold air or gas. 

QUESTION :—What effect has the width of the valve 
face on the temperature of the valve? 

Mr. Frost :—Cooling of the valve is accomplished in 
two ways: by a water-cooled jacket around the valve- 
guide and by the momentary touch of the valve-head 
against the seat. The greater the width of the seat is, 
however, the greater is the possibility of inaccuracy. 
The greatest heat is in the center of the valve-head and 
it is distributed in all directions and travels down the 
stem of the valve. 

Cooling of the intake valve never has been a prob- 


* M.S.A.E.—Treasurer, engineer, V. A. Nielsen Co., Boston. 


lem, as the incoming gas cools it, but cooling of the 
exhaust valve has always been one, and one of the 
faults is the cutting of the seats below the surface of 
the block. The lower the exhaust valve is, the less 
cooling it gets from the rush of the charge of cool gas 
across it when the intake valve opens. The higher it is, 
the more cooling it gets. So, in reconditioning, the 
valve should not be allowed to go too far below the sur- 
face of the block. 

We made some recent experiments when putting in 
replacement seats, raising the seat in some cases as 
much as 1/16 in. The valves remained quiet and the 
engine had far greater acceleration than with the regu- 
lar seat. We believe that is because the incoming gas 
keeps that head cool. 

QUESTION :—If the face of the valve is burned off, is 
the only remedy to put in a new valve? 

Mr. Frost :—No, the valve is not harmed in any way 
by burning; only a certain amount of its life is de- 
stroyed. We have never found, in any of our experi- 
mental work, that any trouble was caused through 
burning the valve face only. 


DOUBLE GASKET REDUCES COMPRESSION 


VALDEMAR A. NIELSEN*:—Would the raised seats in- 
crease compression? Should a double gasket be used? 

Mr. FrRostT:—I would not put on a double gasket. I 
have tried it on Dodge and Hudson cars and it has been 
tried on others. We never used an extra gasket, be- 
cause a double gasket would give more compression 
space, thus cutting the actual compression far more 
than the amount of metal contained in the replacement 
seat would increase it. The metal added in the com- 
pression space gives a slightly higher compression but 
does not raise it so much as to be troublesome. 
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SCIENTIFIC VALVE 


Mr. NIELSEN :—Regarding the angularity of seats, 
one manufacturer recommends, in his manual for me- 
chanics, the cutting of valve faces to 43 deg. and the 
cutting of the seat faces to 45 deg. 

Mr. FRosT:—I can see no reason for changing from 
45 deg. on both. No one knows that the angle is exactly 
45 deg. unless he has a machine set on a 45-deg. angle 
that cannot be changed. Cutting the seat and valve 
faces to different angles will not give any advantage. 
The force of the blow of the closing valve will come on 
50 per cent of the face, or less. One might as well cut 
a narrow seat. 

A GUEST:—You explained how a valve out of align- 
ment might form an untrue seat. In the case of an 
engine tested with a cylinder pressure-gage, the com- 
pression showed that the seat was all right, for when 
the engine was turned over slowly the compression 
would be good, yet the engine would skip at low speed. 
Would that be more noticeable at high speed than at 
low speed? 

Mr. Frost:—A complete misfire in a clyinder cannot 
be found at 60 m.p.h. The weight of the car and of the 
mechanical parts will carry over the lapse. However, 
misalignment that would produce low-speed buck is not 
always enough to be noticeable at starting engine-speed. 
If the test is made at starting speed, the skip will not 
be found. Misalignment is not always the direct cause 
of the trouble, but to avoid noise the tappets are some- 
times set too close and the valves somethimes burn for 
this reason. 

A GuEST:—If compression is perfect at low speed, 
should the engine run all right? 

Mr. FROosT:—Yes, because the greatest load is on the 
engine at 10 m.p.h. 


How MISALIGNMENT RESULTS IN BURNING 


A GUEST:—Do more valve-reconditioning jobs result 
from the use of ethyl gasoline, which has a tendency to 
burn faster? 

Mr. FRosT:—Yes, because we are unable to get per- 
fect alignment and in only a few cases is an attempt 
made to get it, and, as the combustion is a little hotter, 
it burns the valves at lower speeds than fuel that burns 
at a lower temperature. 

A GUEST:—Do not these new silchrome valves take 
care of that? 

Mr. Frost:—Not any more than any other valve, if 
there is any misalignment of the valves. They will not 
withstand 2600 deg. of heat against the stem just under 
the head. They will resist much more heat on top of 
the head, but the valve must be perfectly seated to pro- 
tect the part which first shows warpage. The difference 
in size and weight of the head and stem metal permits 
warpage of the stem, thus raising the valve on one side 
and starting that part toward destruction. 

QUESTION :—Why is it that several large manufac- 
turers in this Country and in foreign countries, who 
have facilities for using the best and are willing to try 
anything in the way of aligning tools in building high- 
powered, high-speed engines, find it necessary to use a 
mercury valve for the dissipation of heat? 

Mr. Frost:—They are using them only in an experi- 
mental way. The valve is too expensive for motor-car 
production purposes, but the airplane people are doing 
considerable experimenting with it. 

QUESTION :—Why do all of the large manufacturers 
of aircraft in this Country find it necessary to use the 
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mercury valve to keep the seat from warping? Is 
alignment the whole worry in keeping the valve-head in 
condition? 

Mr. Frost:—All I can say is that the makers claim 
that they are now using almost as many new cylinders 
as new valves, to get new valve-seats. Four airports in 
the West are putting replacement seats in their air- 
craft, and are having as many burned valves with mer- 
cury valves as they ever had with any other kind. 

Mr. NIELSEN :—There is no question in my mind that 
if I take a mercury valve, a silchrome valve or any 
other, to a burning outfit, I can deliberately burn a 
section out of it. The provision for cooling or the heat 
resistance of the metal may delay the action for a long 
time, but ultimately, due to compression, heat, and the 
small opening that is provided, because the valve does 
not seat perfectly, the valve will burn. 


TEMPERATURE DIFFERENCES CAUSE SEAT DISTORTION 


QUESTION :—Is it not a fact that a considerable per- 
centage of the misalignment is caused by the valve-seat 
itself distorting because of the heat? 

Mr. Frost:—In any engine there is *% in. of metal 
between the valve port and the cylinder-wall. In one 
place we have nearly 2 in. thickness; in another % in. 
There are irregular amounts of metal around the valve 
ports. There is water-cooling around some parts and 
not around other sections. An intake valve, with cool- 
ing gas coming in, is next to an exhaust valve. Conse- 
quently, the seats will distort and go out of round. 

QUESTION :—Do you not believe that there is con- 
siderable difference in the material put into valves with 
regard to the time it takes to burn them? 

Mr. Frost:—Different degrees of heat are required 
to burn different steels, whether in valves or in any- 
thing else. High-grade steel will last longer than low- 
grade steel or cast iron, under the same heat conditions, 
but if the valve is misaligned the kind of material used 
would not lessen the burning. 

QUESTION :—Will the seats burn more quickly on an 
engine that has had the cylinders repaired or recondi- 
tioned and the compression space increased than on a 
standard engine? 

Mr. FROST:—The increased bore and compression 
space should not affect the valve in any way. We have 
tested jobs with valves in perfect alignment, driving 
the cars for 4 or 5 hr. at top speed of the engine, and 
have not burned a valve. With either the former bore 
or the enlarged bore, the valves would have burned if 
the engine had been run an hour at top speed and the 
valves were not seating correctly. Burning is caused 
only by the escape of burning gas between the valve 
face and the valve-seat. It is not due to compression 
or to the type of gasoline used. 

QUESTION :—In some of our blocks we have more 
slugs or hard spots in the iron than in others. How 
will the replacement seat work in expansion of the 
tools? 

Mr. Frost:—That never has troubled us to date. We 
drive the replacement seats in with a 0.005-in. driving 
fit. 


WHY Worry OVER CHANGE FROM STANDARD? 


A MEMBER :—You said that changing the valve-guide 
is a fallacy, but the usual argument against putting in 
an oversize valve is that the engine is no longer 
standard. 
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Mr. Frost :—Naturally, if the guides are rebored and 
a valve with an oversize stem is put in, we are getting 
away from the maker’s standard sizes, but how many 
engines, by the time the guides should be restored, still 
have the original pistons, pins and rings? One thinks 
nothing of replacing any of these parts with oversizes. 
The majority of parts jobbers handling valves have 
long carried the two sizes, standard and 0.015-in. over- 
size. Some motor-car manufacturers also are now sup- 
plying these oversize valves to their dealers. 

If the valve-seats are trued early in the life of the 
engine, as soon as inaccuracies arise, abnormal wear 
will be prevented and the guides will last longer. They 
last today for 30,000 to 40,000 miles. If 10,000 or 
25,000 miles more can be added, why worry about put- 
ting in a 0.015-in. oversize valve? 


THE TEST FOR MISALIGNMENT 


QUESTION :—What is the best way to test for a mis- 
aligned condition of the valve and seat? 

Mr. Frost :—The best way is to revolve the valve for 
only a few seconds, touching it lightly with light com- 
pound. If it shows gray on one side, that is a sign of 
misalignment, but if it shows gray in several places it 
means that the valve-refacing machine is out badly in 
the chuck bearing. If there are even-spaced machine 
marks showing gray with that light touch, they indicate 
a chatter and that the stone has worn down to too small 
a diameter or that it is rough or that the belt is slip- 
ping and the speed is not correct. 

Regardless of the condition of the valve, as it has 
turned a complete circle in the seat, it will touch the 
seat all around. If there are blank spots in the seat, 
examine them. If just one blank spot shows, it indi- 
cates that a perfect cut has not been made; the tool has 
not been locked perfectly or is not traveling perfectly, 
or the cutter is ground wrong, or something of the kind. 

I might mention for the benefit of some service men 
who will have to work on the new Model-A Ford, that 
there is only one tool on the market today with which 
the valves can be ground. The valves have a smooth 


top with no holes or slots. If the factory is using that 
tool in the production line, it will have to be used in the 
service stations. 


SHOULD MAKE TESTS DURING RECONDITIONING 


QUESTION :—How can the Ford valve, with the button 
on the end, be ground? 

Mr. FRosT:—That little button has caused a lot of 
worry. I have heard representatives of two valve-re- 
facing-tool manufacturers say that their machines will 
do it. One machine has a %%4-in. chuck mounted on a 
hollow bearing. It can also be done with a %-in. collet 
that will come down to 5/16 in., putting the button on 
through the collet. 

It should always be remembered that, in doing a re- 
conditioning job, one must make tests of the work. The 
time to make them is while the valves and their seats 
are exposed. There is equipment on the market for 
everything of that sort. 

QUESTION :—On a certain car which has been troubled 
with sticking of the exhaust valve, the manufacturers 
recommend counterboring the valve-guide. Is that, in 
your opinion, good practice? 

Mr. FrRosT:—The guide is there as a bearing. When 
it is counterbored for 1% or % in., just that much bear- 
ing surface is taken away. The makers thought that 
carbon at the top of the guide was catching on the stem 
and holding the valve. In most cases, I find the hardest 
and the greatest amount of carbon down in the center 
of the guide, not at the top. 

QUESTION :—What do you think of graphite align- 
ment guides? 

Mr. Frost:—Graphite will resist only a certain 
amount of heat before burning, and it does not prevent 
oil from packing carbon; neither will it prevent distor- 
tion and misalignment. 

QUESTION :—What about the spiral that is supposed 
to take care of the oil? 

Mr. Frost:—It will not take long to fill that spiral 
with carbon, just as piston-ring grooves become carbon- 
filled. 





Cost of Airplane Operation 


HE three important factors that make up the present- 

day cost of airplane operation are overhead, insurance 
and depreciation and obsolescence. Obviously, since air- 
planes today carry only a handful of passengers, this over- 
head expense is bound to be disproportionately high. As 
the volume of business increases, the figures for overhead 
will be in better proportion to the revenue. 

Insurance is one of the outstanding problems of the 
commercial aviator. The present almost prohibitive in- 
surance rates will be slashed when the public and the 
insurance companies learn to differentiate between the 
risks involved in passenger air-transport and in the other 
more spectacular and non-commercial phases of aviation. 

The major cost of airplane operation, however, is depre- 
ciation and obsolescence. Although there is little accurate 


knowledge of the depreciation rate of modern airplanes, 
nevertheless at the present time every capable airplane 
operator writes off his equipment over a period of between 
2 and 3 years. With the lightning-like changes that are 
taking place in the airplane, the conservative operator will 
anticipate a revolutionary alteration in his equipment at 
the end of between 2 and 3 years. 

In considering the economic factors of air transport, 
one should not overlook the opportunity of operating small 
units, which has the obvious advantage of small initial 
capital expenditure and permits a gradual expansion as 
business justifies. On the whole, therefore, future costs of 
airplane operation will compare favorably with the cost of 
other forms of transportation.—Harry F. Guggenheim be- 
fore New York Railroad Club. 
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— use of a power medium in brake control points 
at once to the possibility of simplifying the brake 
system so that its characteristics, once established, 
can be expected to remain uniformly effective through- 
out extended periods without adjusting, with corre- 
spondingly long life of brake-linings. The author 
says also that, if the greater retarding effect possible 
with mechanically operated four-wheel brakes is to 
be fully realized, it is necessary to do one of three 
things: increase the pedal pressure, increase the 
brake leverage and consequently the pedal move- 
ment, or increase the “self-energizing” effect. 

The vacuum-type brake described is stated to be 
an amplifier which provides power to supplement mus- 
cular strength and assists the driver to apply the 
service brake, thereby reducing the required pedal 
stroke and pedal pressure without interfering with 
the regular service-brake hook-up. The description 


self with the development of methods and ap- 

pliances to make motor-car driving safe. Four- 
wheel brakes were a significant step in this direction 
in that they distributed available pedal-pressure over 
all four wheels, but the force available to operate the 
brakes on all four wheels remained the same as before; 
that is, muscular effort of the driver. 

If the greater retarding effect possible with mechani- 
cally operated four-wheel brakes is to be fully realized, 
it is necessary to do one of three things; (a) increase 
the pedal pressure, (b) increase the brake leverage, and 
consequently the pedal movement, or (c) increase the 
“self-energizing” effect. Obviously, increased pedal 


[ssi automotive industry has long concerned it- 


1M.S.A.E.—Manager, automotive brake division, Westinghouse 


Air Brake Co., Wilmerding, Pa. 


FIG. 1—PASSENGER-CAR CHASSIS, SHOWING VACUUM BRAKE-UNIT 
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is illustrated with a drawing on which the parts are 
lettered for reference so that their operation and the 
way in which the forces are amplified can be under- 
stood readily. The capacity of the various vacuum 
brake-units manufactured by the company repre- 
sented by the author is stated, and a chart is pre- 
sented which shows graphically, for each size of unit, 
the pull it can develop on the brake-rod either with 
or without the assistance of the amplifying device. 

Discussion of the paper includés a comparison of 
the brake-pedal force required for two-wheel and for 
four-wheel brakes, assuming that the lever ratios and 
the general foundation of the brake design remain 
undisturbed; statements of the amount of vacuum 
that can be depended upon to operate the brake unit; 
and an explanation of the effect on carburetion result- 
ing from the air that is admitted to the intake mani- 
fold at the time of brake application. 


pressure is undesirable; but, if twice the braking result 
is to be had, it will be necessary to apply twice as much 
effort to four-wheel brakes as to two-wheel brakes. 

To keep down the pedal pressure required to control 
a car, it has been necessary in many cases to increase 
the brake leverage to such an extent that the pedal 
movement is awkward and difficult, especially when the 
foot has to be lifted 7 or 8 in. from the accelerator to 
make contact with the brake-pedal. In the effort to 
counteract this long pedal-movement, the practice of 
using close-fitting brake-bands or expanding brake-shoes 
has sometimes been resorted to, with the result that 
the slightest wear makes frequent adjustment neces- 
sary, and that brake-bands often burn out as a result 
of brake-drum expansion. It is also sometimes neces- 
sary to take full advantage of the cumulative effect of 
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the wrapping tendency to obtain sufficient retarding 
force. This is undesirable, as it increases the possi- 
bility of brake grabbing and decreases the brake effi- 
ciency during backward movement. 

It seems appropriate, at this point, to contrast the 
fundamental characteristics underlying present braking 
practices and the promise of power braking. Consider- 
able activity now exists in a search for whatever as- 
sistance can be obtained from the use of “wrap-up” or 
“self-energizing” features which, for the most part, re- 
quire rather accurate adjustment and skilled mainte- 
nance to be and to remain fully effective, presenting at 
the same time a rather serious service problem to pro- 
duce proper operation after relining in the field. The 
use of a power medium in brake control points at once 
to the possibility of simplifying the brake system so 
that its characteristics, once established, can be ex- 
pected to remain uniformly effective throughout ex- 
tended periods between adjustment, with correspond- 
ingly long life of brake-linings. Vacuum brakes have 
already been very favorably received in Europe, as is 
made evident by the fact that they have been adopted 
as factory equipment by 65 European manufacturers. 


VACUUM TYPE OF BRAKE 


The Westinghouse vacuum-type brake is an ampli- 
fier. It provides power to supplement muscular strength. 
It assists the driver to apply the service brake, and 
thereby reduces the required pedal-stroke and pedal 
pressure without interfering in any way with the regu- 
lar service-brake hook-up. The pedal pressures, al- 




















FIG. 3—VACUUM BRAKE-UNIT APPLIED TO A MOoTOR-TRUCK 


though but one-third those normally required, are suffi- 
cient to retain the “feel” of braking; a proportionate 
amount of pedal pressure with corresponding move- 
ment will give a proportionate amount of braking effect. 
This assures safe car-control under all conditions, with 
almost no physical effort. 

So long as the driver maintains a certain pressure on 
the pedal, the braking force remains constant. As soon 
as he lessens the pedal pressure, the braking force be- 
comes proportionately less, and as soon as he increases 
the pressure the braking force correspondingly in- 
creases. He can, therefore, at all times feel the degree 
of braking, since this depends entirely on the pressure 
he exerts on the pedal. The power of the vacuum am- 

















Fig. 2--VACUUM BRAKE-UNIT APPLIED TO A PASSENGER-CAR 
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POWER BRAKES FOR PASSENGER-CARS 


plifier assists in each instance the muscular effort of 
the driver, and in the proportion desired, affording per- 
fect graduation and very smooth stops. Brake opera- 
tion with such light pedal-pressures quickly becomes an 
act of unconscious judgment and imparts a new feeling 
of confidence in car control in traffic and on slippery 
streets. It removes, as well, virtually the last existing 
really laborious factor in modern motor-car operation. 

The brake amplifier is a compact self-contained device 
attached rigidly to the chassis between the brake-pedal 
and the standard brake-mechanism, as shown in Fig. 1. 
Fig. 2 shows an installation drawing of the unit ap- 
plied to a passenger-car, and Fig. 3 shows a larger 
unit applied to a truck. The unit can be installed on 
many cars simply by cutting the rod connecting the 
brake-pedal to the first equalizer or cross-shaft and 


erey { 


Fig. 4—SECTIONAL VIEW OF VACUUM BRAKE-UNIT 
Unit Is Comprised of an Operating Piston, a Simple Valve-Mechanism, and a Leverage 
The Double-Acting Operating-Valve Includes a Vacuum Connection and an Atmospheric 
Port to the Main Housing So That, Through the Valve Action, Air Can Be Exhausted from the 
The Housing Is Fitted with a Breather and a 
Suitable Curled-Hair Strainer To Prevent the Admission of Road Dirt and Splashings 


The 
System. 


Cylinder Proper or Ported to the Atmosphere. 


inserting the device, restoring the connection of the cut 
rod to the brake unit by means of two yokes. As an 
amplifier for hydraulic systems, the leverage system of 
the brake unit is reversed and transmits the force to 
the master cylinder by pushing through the amplifier, 
with the short brake-rods in compression. The origi- 
nal braking system is left intact, so that the brakes can 
at all times be applied by the physical force of the 
operator with or without the assistance of the amplifier. 
Should the vacuum fail for any reason, the brakes can 
be applied by foot pressure alone without any added re- 
sistance from the vacuum unit. 

The brake unit is comprised of an operating piston, 
a simple valve-mechanism, and an ingenious leverage 
system, as shown in section in Fig. 4. The double-act- 
ing operating-valve of the unit includes a vacuum con- 
nection and an atmospheric port to the main housing, 
so that, through the valve action, air can be exhausted 
from the cylinder proper or be ported to the atmos- 
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phere. The housing is fitted with a breather and a 
suitable curled-hair strainer to prevent the admission 
of road dirt and splashings. 

Referring to Fig. 5, it will be seen that a rod, a, ex- 
tends from the regular pedal to a double-armed lever, b, 
which has a floating fulcrum at c on the single-armed 
lever, d, which is in turn fulcrumed on pin e in the 
upper part of the housing. Lever b is formed with an 
eye at its upper end which surrounds the pin e. This 
eye is of somewhat larger diameter than the pin itself, 
to give lever b a certain freedom of motion around the 
floating fulcrum c. From the eye of lever b a rod, f, 
connects through rocker-arm g to the two poppet-valves, 
h and i. 

If the driver presses lightly on the pedal, the effect 
will be to rock lever b left-handedly around floating ful- 
crum c. Rod f will then be 
moved toward the left, the 
direction of motion being 
changed by rocker-arm g, and 
the application valve h will 
be moved from its seat, there- 
by connecting the source of 
vacuum with the power cylin- 
der, 7. The result of this is 
that the piston k in the cylin- 
der is forced to the left by 
the atmospheric pressure 
against its outer side. A very 
interesting leverage action 
now occurs. 

Let us first explain the 
action when the vacuum cyl- 
inder is entirely disconnected 
from the source of vacuum. 
The pull exerted on rod a by 
the pressure of the driver’s 
foot would then be trans- 
mitted from lever b to lever d 
by way of floating fulcrum c, 
and thence to rod l. Since 
rod / is in line with rod a, the 
motion of both rods will be 
the same and there will, there- 
fore, be no change in the pull; 
that is, the pull on rod a pro- 
duced by pressing on the 





Fic. 5—SEcTIONAL MopEL oF A VACUUM BRAKE-UNIT IN 
THE RELEASE POSITION 
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pedal will, in that case, be transmitted without modi- 
fication to the brake-rod 1. On the other hand, when 
the piston in the vacuum cylinder pulls on its chain, 
the lever b acts as a balance or equalizing lever, hav- 
ing vacuum pressure acting at m with pedal pres- 
sure at n. These forces combine at the fulcrum ¢ and 
are multiplied through lever d to give an augmented 
pull on rod 1. What this multiplication is will be ex- 
plained in detail later. 

When the driver first depresses the pedal, lever } will 
rock left-handedly around its floating fulcrum, c, where- 
by the valve-rod f is moved to the left and the applica- 
tion valve h is opened, as already explained. (See also 
Fig. 6.) However, as soon as the piston begins to pull 
on the lower end of lever b, the latter tends to return 
to its original position by rocking right-handedly about 
pedal-rod connection ». The exact action which then 
follows depends upon how hard the driver presses on 
the pedal. If he exerts only a moderate amount of pres- 
sure, lever b may return to a central position, where 
the eye at its upper end is symmetrical with respect 
to pin e. In that case the application valve h closes and 
the pull of piston k thereby remains constant. (See also 
Fig. 7.) 

On the other hand, if the driver lessens the pedal 
pressure, the lever b will be rocked to its extreme posi- 
tion to the right, which results in the opening of valve 7. 
(See also Fig. 8.) Air at atmospheric pressure is thus 
admitted to cylinder j, the pull of piston k ceases, and 
the brakes release. Thus the driver has it within his 
power, by pressing more or less on the pedal, to change 
the pounds of vacuum in the cylinder and, consequently, 
the pull applied to the 
brake-rod I. 

It will, moreover, be evi- 
dent that the force actually 
applied to the brake-drums 
is a combination of foot 
pedal-pressure and power 
generated in the brake 
unit. A greater retarding 
effect can thereby be de- 
veloped with the customary 
pedal-pressure, or the same 
retarding effect with much 
less pedal pressure, thus 
giving adequate control 





















June, 1928 , No. 6 
S. A. E. JOURNAL 


Suction Valve Opens 
"3.44 > 


SG 









Both Valves Closed 


+ 





_| Piston Moves Back 





Fig. 9—ILLUSTRATIONS OF THE VACUUM BRAKE-UNIT IN ITs 
VARIOUS OPERATING POSITIONS 


with greater ease. This instantaneous and automatic 
combination of pedal force and power amplification in 
normal operation is one of the prime essentials of a 
satisfactory power brake for passenger-cars, in contrast 
with such systems as interpose an auxiliary control- 
valve, the operation of which is not definitely an in- 
tegral function of the power unit. Fig. 9 shows a 
schematic arrangement of the brake amplifier in its 
various positions. 


How THE FORCES ARE AMPLIFIED 


The way in which the foot pressure on the pedal and 
the vacuum pressure in the 
amplifier combine their 
forces to apply the brakes 
with much greater effec- 
tiveness than is possible by 
physical effort alone will 
now be explained more in 
detail. 

For the sake of simplic- 
ity, referring again to Fig. 
5, we will assume for the 
time being that the upper 
arm nce of lever b is one- 
half the length of arm me. 
Then, to balance the pull of 


OPERATING POSITIONS OF THE VACUUM BRAKE-UNIT 


Fig. 6—Application Vaive Opened by Initial Pedal-Movement 


Fig. i-—Valves in the Lap Position and Brakes Held Applied 


Fig. 8—Release Valve Opened by Relaxed Pedal-Pressure 
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the vacuum piston, the driver would need to exert twice 
that pull on rod a. The force on fulcrum ¢c would be 
the sum of the pulls on rod a and on the piston chain, 
which is equivalent to one and one-half times the pedal- 
rod pull. This pull is in turn multiplied through lever 
d, which has a 2-to-1 ratio. Hence, for a given pull, F, 
on pedal-rod a, a pull 3F is exerted on brake-rod /, and 
this ratio is maintained throughout the range of pedal 
pressures up to the maximum capacity of the vacuum 
brake-unit. 





Fic. 10—-PROPORTIONS OF THE VACUUM BRAKE-UNIT LINKAGE 


The Actual Ratio of the Pull on the Brake-Rod I to That on the 
Pedal-Rod a When the Unit Is Operative Is Derived from This 
Diagram. The Calculations Apply to One of the Standard Pas- 


senger-Car Units 


The actual ratio of the pull on brake-rod / to that on 
the pedal-rod a when the vacuum brake-unit is oper- 
ative is derived from Fig. 10. The calculations apply 
to one of the standard passenger-car units. 

Let 


F = pull on pedal-rod a 
F;, = pull of piston k 
F., = pull on brake-rod 1 


The problem is to determine F in terms of F,, and 
we have 
F, = (F+F:) times the ratio of lever d 
= 2 (F+F:) =2F+2F, (1) 


. (ot arm nc 
.- f1 (SS= 
lever arm mc 

Substituting the value of F, given by equation (2) 
in equation (1), we have 

F, = 2F'+-2 (0.565 F) = 2F41.18 F = 3.18 F (3) 

That is, for every pound of pull exerted on the pedal- 
rod a by physical effort of the driver, there will be 3.13 
lb. of pull developed on the brake-rod, as a result of the 
combination of muscular and mechanical forces. 

The unit referred to in Fig. 10 has a piston 41% in. 
in diameter. Other models of 5-in. and 6-in. diameters 
have substantially the same leverage ratios and produce 
a corresponding amplification. It is readily apparent, 
also, that any desired factor of amplification, or force 
multiplication, can be produced. 


) = F (1.625/2.875) (2) 


DIAGRAMS SHOWING FORCES DEVELOPED 


Fig. 11 is a diagram showing the force developed on 
the brake-rod with the ordinary rigging. Assuming a 
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pedal leverage of 4 to 1 and a pedal pressure of 97 Ib., 
a pull of 388 lb. is developed on the brake-rod. 

Fig. 12 shows that the same force is developed 
through the vacuum brake-linkage if an application is 
made mechanically without the aid of the amplifier. 
Fig. 13 shows that, with assistance from the vacuum 
amplifier, a much smaller pedal-pressure is required to 
produce the same force on the brake-rod. This 388-lb. 
pull on the brake-rod is produced by 194 lb. on the float- 
ing fulcrum c of lever b acting through the 2-to-1-ratio 
lever d as shown in Fig. 5. The components of this 
force of 194 lb. on equalizing lever b are a pull of 70 lb. 
from the amplifier piston and 124 lb. pedal-rod pull, 
which is, in turn, produced by a pedal pressure of 31 


97 Lb 


386 Lb 


Fig. 11 








VARIOUS DIAGRAMS OF BRAKE-UNITS 


Fig. 11—Brake Application with Standard Brake-Rigging. As- 
suming a Pedal Leverage of 4 to 1 and a Pedal Pressure of 97 
Lb., a Pull of 388 Lb. Is Developed on the Brake-Rod 
Fig. 12—Brake Application Through Vacuum Brake-Linkage. 
The Diagram Shows That the Same Force Is Developed Through 
the Vacuum Brake-Linkage if an Application Is Made Mechanical- 
ly without the Aid of the Amplifier 
Fig. 183—The Diagram Shows the Reduced Pedal-Pressure Re- 
quired To Obtain Brake Application with the Vacuum Brake- 
Amplifier 
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Ib., as contrasted with 97 lb. when the brakes are oper- 
ated by physical effort alone. If a greater braking 
force is now desired, a higher pedal-pressure will result 
in a correspondingly higher vacuum and a greater com- 
bined pull on the brake-rod. But, once the maximum 
capacity of the amplifier has been reached, any addi- 
tional force will be obtained by mechanical means alone 
without further assistance from the amplifier. It 
should be emphasized, however, that in such cases the 
full effect of the amplifier is retained. 


CAPACITY OF THE VARIOUS UNITS 


With a 442-in. diameter piston having an area of 15.9 
sq. in., and assuming a pressure of 7.50 lb. per sq. in., 
obtained with 15 in. of vacuum at sea level, the total 
pull of the piston will be 15.904 « 7.50 = 119.28 lb. 
Then the pull on the pedal-rod necessary to equalize 15 
in. of vacuum will be 119.28 times lever arm mc divided 
by 119.28 times lever arm nc, or 119.28 times (2.875 ~ 





2M.S.A.E.—General manager and director, Charles Street Garage 
Co., Boston, 
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Fic. 14—CAPAcITY LIMITATIONS OF VARIOUS VACUUM BRAKE- 


UNITS 
The Chart Is Based on a 15-In. Vacuum Which Gives a Pressure 
of 7.5 Lb. per Sq. In. at Sea Level. The Ratio with the Vacuum 


Brake-Unit in Operation is 3 to 1: When It Is Inoperative the 

Ratio is 1 to 1. The Horizontal Scale Indicates the Pull on the 

Pedal-Rod a Ahead of the Vacuum Brake-Unit; the Vertical Scale 

Indicates the Pull on the Brake-Rod 1 After Amplification Through 

the Vacuum Brake-Unit, as Illustrated in the Upper Portion of 
the Chart 
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1.625) 210 Ib. 


Since this unit has a leverage ratio 
of 3.13, the pull on brake-rod | will be 210 «* 3.13 = 660 
lb. The unit has a maximum stroke of 1% in. 
With a 5-in. diameter piston having an area of 19.635 
sq. in. the total pull of the piston will be 19.635 7.50 
147.26 lb. To equalize the pull of the vacuum piston 


the pedal pull must be 147.26 (2.75 — 1.625) = 248 lb. 
This unit has a leverage ratio of 3.18. Therefore, the 
total pull on the brake-rod will be 248 * 3.18 = 790 lb. 
The unit has a maximum stroke of 1 11/16 in. 

With a -6-in. diameter piston having an area of 
28.2744 sq. in. the total force on the piston is 28.2744 
7.5 = 212.058 lb. The pedal-rod pull necessary to bal- 
ance this is 212.058 (3.5 — 2.125) 349 lb. The lever 
ratio in this larger unit is 3.43. Hence, the force de- 
veloped on the brake-rod at the normal capacity of the 
unit is 349 « 3.43 1197 lb. The unit has a maximum 
stroke of 214 in. 

CAPACITY AND PULL OF THE UNITS 

Fig. 14 is a chart showing graphically the capacity of 
the foregoing three brake-units, as well as the pull 
which can be developed on the brake-rod with or with- 
out the assistance of the brake amplifier. The hori- 
zontal scale on this chart indicates pedal-rod pull ahead 
of the unit, and the vertical scale indicates the brake- 
rod pull after amplification through the brake unit. The 
lower diagonal line indicates the relative forces on the 
two rods when the amplifier is inoperative; that is, for 
every pound of pull on the pedal-rod, 1 lb. of pull is 
developed on the brake-rod. The steep diagonal line 
indicates that, for every pound of pull on the pedal-rod, 
a pull of 3 lb. is developed on the brake-rod when the 
vacuum brake-amplifier assists the driver’s effort. 

It will be noted that the capacity of a 4'4-in. unit is 
reached at a total brake-rod force of 630 lb.; that of the 
5-in. unit at 750 lb.; and that of the 6-in. unit at 1050 
Ib. These are slightly different from the figures previ- 
ously mentioned because, in the chart shown in Fig. 14, 
an amplification factor of 3 has been used for all units 
for simplicity. 

Branching off from the “capacity curve” in Fig. 14 
are three other lines that parallel the lower line. They 
indicate that, after the maximum capacity of the brake 
units has been reached, additional braking effect can 
be realized by still further increasing the pedal pres- 
sure. Then, however, the brake-rod pull goes up in 
direct ratio; that is, without assistance from the 
vacuum brake-amplifier. 

The 4% and the 5-in. units are designed primarily 
for passenger-cars. The 6-in. unit has sufficient ca- 
pacity for use on the smaller motorcoaches and on 
small and medium-capacity trucks. 


THE DISCUSSION 


GLENN S. WHITHAM’:—Will Mr. Hukill explain why 
he said that it requires twice the effort to brake a car 
with four-wheel brakes as one with two-wheel brakes? 
Did he not mean the opposite? 

H. D. HUKILL:—I meant that with four-wheel brakes 
approximately twice the brake-pedal force is required 
to lock the wheels as would be necessary with two-wheel 
brakes only. At the same time these will stop the car 
in approximately half the distance required to stop it 
with two-wheel brakes. The important point is that, 
assuming that the lever ratios and general foundation 
of the brake design remain undisturbed, it is necessary 
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to exert a pedal effort twice that formerly required if 
we are to take full advantage of four-wheel brakes. 

FRANK E. H. JOHNSON*:—My understanding is that 
this device is connected by a pipe to the intake manifold 
of the engine. Mr. Hukill mentions a pressure of 7.5 
lb. per sq. in., which corresponds to a 15-in. vacuum. 
What is ordinarily expected of an engine of 3%%-in. 
bore? What is the pressure you have to work on? Can 
you count on that 15-in. vacuum? 

Mr. HUKILL:—A number of tests made on engines in 
fairly good condition averaged remarkably well. With 
an engine running at normal idling-speed, one can ex- 
pect about 20 in. of vacuum in the manifold, which 
corresponds roughly to a pressure of 10 lb. per sq. in. 
If the engine is “raced” and the throttle is then closed 
quickly, the manifold vacuum will often increase to 25 
or 26 in. during the period the engine, at a high num- 
ber of revolutions per minute, is pulling against the 
closed throttle. At the same time, when the throttle is 
wide open and the engine is pulling hard at a low num- 
ber of revolutions per minute, as is the case when 
climbing a steep grade in high gear, the vacuum will 
drop down to 2% or 3 in. The increase in vacuum to 
the normal of 15 to 20 in. is, however, instantaneous 
when the throttle is closed or the foot is lifted from 
the accelerator. 


EFFECT OF AIR ADMISSION ON CARBURETION 


Mr. JOHNSON :—What is the effect on the carburetion 
due to the amount of air that is admitted to the intake 
manifold at the time of brake application? 

Mr. HUKILL:—There is no noticeable effect with nor- 





8 M.S.A.E.—General service manager, Noyes Buick Co., Boston. 


*A.S.A.E.—President and manager, Franklin Motor Car Co., 
Boston. 
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mal carbureter adjustment. The reason is that the dis- 
placement of a vacuum brake-unit is so small in com- 
parison with the displacement of the engine. Consider 
an engine with a displacement of 250 cu. in. turning 
over at an idling speed of 200 r.p.m.—a total displace- 
ment of 50,000 cu. in. per min.—while the displacement 
of the vacuum brake-unit is approximately 100 cu. in. 
per application. Hence, it can be appreciated that there 
is relatively no effect upon carburetion. If the car- 
bureter adjustment at idling speed is for a very rich 
mixture, a slight speeding-up of the engine for just an 
instant will be noticed as the brake is applied. We have 
found no cases in which the adjustment could be so 
lean that brake operation would have any detrimental 
effect. 

O. A. LAWTON‘ :—I understand that the engine must 
be in operation; but if the car is at a standstill you 
cannot make any application of the vacuum brake-unit 
with the engine stopped, can you? 

Mr. HUKILL:—Power amplification is present at all 
times when the engine is running, and also with the 
ignition cut off when the car is in gear and the engine 
is being driven by the rear wheels, as is possible on a 
down grade. If the engine is stopped and the car is in 
neutral gear, there is no amplification effect from the 
vacuum brake-unit. But the existing mechanical brake- 
system is fully effective, without any added resistance 
from the vacuum brake-unit. In actual service-units, 
should no vacuum be available during brake operation, 
the piston lever swings freely without any movement 
of the piston, the chain between the lever and the piston 
collapsing into the space in the housing provided for 
this condition. 

QUESTION :—How large a vacuum supply-pipe is 
needed to operate the brake? 

Mr. HUKILL:—Tubing of ™%-in. outside diameter. 





The Airship R-100 


Ny is proposed to utilize the British dirigible R-100 as a 
demonstration vessel and to operate her on a New York 
City-Montreal-London route, beginning next fall. On the 
lower floor are the crew’s quarters, consisting of a mess 
deck and cabins. Leading from this to the upper floors is 
a double staircase, similar to that in a steamship, and on 
the lower passenger floor are two promenade decks, 14 ft. 
wide, made to permit dancing; a restaurant to seat 50 
persons at one time, and cabin accommodation for that 
number. These cabins are of two or four berths, comparable 
with those on an Atlantic liner. Above this floor is yet 
another, on which further cabins are provided for 50 more 
persons; a smoking lounge, and two balconies. 

As far back as 1919 the British airship R-34 crossed to 
America, and then made a successful return flight; and in 
1925 the airship Los Angeles crossed the Atlantic. 

Carrying the full load of passengers and 10 tons of mail 
or freight, the R-100 will have a radius of action of 4000 
miles at a speed of 75 m.p.h. The R-100, however, was 
not built for the transatlantic service, but for the London- 
Egypt-India route; and even this vessel is not sufficiently 
powerful to undertake a service across the Atlantic on a 
regular schedule, carrying a full load of passengers in all 
weathers and in both directions. 


The Airship Guarantee Cv., which has constructed the 
R-100, has already worked out the general design for the 
transatlantic ship for the regular service, and this vessel 
will be as great an advance over the R-100 as the R-100 is 
over previous vessels. The cruising speed has been increased 
to 95 m.p.h. and the endurance increased from 4000 to 6000 
miles. At the same time, more luxurious accommodation 
has been provided for passengers and the number that 
can be accommodated increased from 100 to between 160 
and 170. 

Airship development had a big setback in the disasters 
of the R-38 in 1921, the Roma in America, the Dixmude in 
the Mediterranean, followed by the Shenandoah catastrophe. 
The public felt that these great vessels would always suffer 
from inherent structural weaknesses. But engineers do not 
share this opinion. The causes of these disasters have been 
analyzed and obviated in the new designs. 

The R-100 is five times as strong as any airship which 
has hitherto been built. Her cruising speed, furthermore, is 
approximately equal to the maximum speed of any vessel 
previously built; and it is thought that as a result of these 
two major improvements the R-100 should be able to encoun- 
ter successfully even abnormal storms.—C. D. Burney, in 
New York Times. 
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Generation of Current for Automotive 
Apparatus 


By B. M. Lerce! 





CLEVELAND SECTION PAPER 


Illustrated with Cuartrs, DiAcGrRaAmMs AND PHOTOGRAPHS 


XACTING requirements for the generation of 

electric current for motorcoaches, airplanes and 
dirigibles, and how these needs are met by the manu- 
facturers of generators, are described. Concurrently 
with the development of automotive vehicles, the in- 
stallation of electrical equipment has grown and 
greater and greater demands have been made upon 
generators. Requirements change rapidly with devel- 
opment in the powerplant and in the general design 
of vehicles, so that manufacturers of electric gen- 
erators are constantly faced with new conditions. 
Generators are now applied not only to private auto- 
mobiles but to motor-trucks, motorcoaches, rail-cars, 
tractors, marine engines, stationary industrial en- 
gines, excavating shovels, oil-well drilling-machinery, 
airplanes and dirigibles. Each of these applications 
thas its own peculiarities, and nearly all require con- 
tinuous service over long periods. With the evolu- 
tion of the motorcoach have come additional demands 
for lighting current and current for ignition, cooling 
and heating fans, heaters and pumps. All these must 
be supplied with dependable electric energy. A high 
degree of reliability in constant operation is also re- 
quired of the generator on the latest airplanes and 
airships, for ignition, engine starting, radio com- 
munication, and lighting. 

Electric generators are expected today to operate 
under widely varying specifications as to capacity, 
voltage, speed, load, and temperature. Under present 
commercial ‘conditions, the generator capacity is 
often forced to the limit of material characteristics, 
and operation is continuous; therefore, the rating of 
such generators is a matter of concern to both the 
manufacturer and the user. Whereas the third- 
brush, or current-controlled generator gave fairly sat- 
isfactory service on private automobiles, charging the 
battery at an approximately constant rate in amperes, 
it was found undesirable when the equipment is to be 
used continuously, because the excess energy heats 


N the early days of the automotive industry the 

installation of any electrical equipment other than 

ignition equipment was discouraged, but it is now 
realized that an internal-combustion engine for auto- 
motive purposes requires a dependable source of elec- 
trical energy. Today, the electrical generating equip- 
ment is an inherent and indispensable component of the 
successful modern automotive powerplant. 

Familiarity with the performance of electrical ap- 
paratus has bred confidence, and the tendency is to use 
more and more electrical energy for an ever-increasing 
number of kinds of service. Requirements change rap- 
idly with development in the powerplant and general 
design of vehicles, so that the manufacturers of elec- 
trical generators for automotive uses are always faced 





1M.S.A.E.—Chief engineer, Leece-Neville Co., Cleveland. 


the electrolyte and plates after the battery is fully 
charged. In commercial applications it is desirable 
to have the generator start charging the battery at a 
low driving-speed and to be able to continue under full 
load up to the maximum speed of the vehicle. Hence 
the voltage-regulated type was developed, which sup- 
plies energy at an approximately uniform voltage and 
at a charge rate that tapers automatically in am- 
perage. The characteristics of this type are discussed 
and compared with those that are inherent in the 
third-brush type. 

It is not to be assumed, the author states in conclu- 
sion, that the present voltage-regulated systems are 
the ultimate to be achieved; experimental work is 
going on continuously to improve the performance, 
simplify the apparatus, and extend its applications. 
The electrical-equipment manufacturer, however, 
needs cooperation from the engine builder, who should 
realize that the generator equipment must occupy 
space proportional to the service demanded of it, and 
that proper driving speeds and means and better 
mounting arrangements should be provided. 

Following the paper, discussion of the subject by 
motorcoach operators, on the one hand, and motor- 
coach builders and generator manufacturers, on the 
other hand, shows with clarity that many of the 
troubles that operators have with the electrical equip- 
ment are due to the installation of supplemental 
lights, fans, higher-power lamps, and other equip- 
ment which, together, require more current than the 
generator is designed to deliver. Other troubles are 
caused by the operation of motorcoaches in services 
requiring frequent stops with short intermediate runs, 
or by a combination urban service, calling for slow 
speed and numerous stops, and suburban or inter- 
urban service, calling for high speed with few stops. 
When the current source fails to meet the extra de- 
mands, the equipment maker is called upon to remedy 
the trouble. 


with new sets of conditions. The variations in require- 
ments seem unending and, as rapidly as conditions 
warrant, manufacturers of generators are developing 
types and capacities to meet the needs. For some time, 
passenger-car loads governed the trend of design. If 
sufficient energy were supplied to care for the opera- 
tion of head, tail and dash lights, and to charge a com- 
paratively small storage-battery sufficiently to crank 
the engine, the equipment was considered satisfactory. 
If such a system frequently charged the battery at a 
rate which boiled away the water from the battery, or 
if lamps were often burned out by a current of excessive 
voltage, poor battery-connections or broken leads, or if 
in the winter months the battery was not always suffi- 
ciently charged, these limitations were regarded as 
rather unimportant and among the disadvantages which 
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Fic. 1—CHARACTERISTIC CURVE OF A THIRD-BRUSH GEN- 
ERATOR WITH A BATTERY LOAD 


Above and Below Certain Driving-Speeds the Output of the Ma- 

chine Is Greatly Reduced. It Is Customary To Adjust the Setting 

of the Third-Brush So That the Peak of the Output Curve Occurs 
at the Ordinary Driving-Speed 


had to be assumed. Such an attitude on the part of 
automotive engineers and of the public has been re- 
placed by the belief that electrical apparatus can be 
made which will meet every requirement, no matter how 
severe and exacting, and the tendency is to demand 
such equipment for widely differing applications, all of 
which the manufacturers of electrical apparatus are 
asked to accomplish within a low price-limit, especially 
in the field of passenger-cars. 

As the commercial use of the internal-combustion 
engine broadened, another set of requirements arose. 
Today, electrical generators are applied to trucks, 
motorcoaches, rail-cars, tractors, marine engines, sta- 
tionary engines, steam shovels, oil-well drilling-ma- 
chinery, airplanes and dirigibles. Each of these ap- 
plications has its own peculiarities. Nearly all require 
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Fig. 2—BATTERY-CHARGING CURVE OF THE VOLTAGE-REGU- 
LATED GENERATOR 
The Difference between Battery Voltage and Charging Voltage 
Decreases as the Battery Charges, Which Results in a Decreasing 
or Tapering Charging Rate in Amperes 
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continuous service over extended periods, whereas the 
operation of a passenger-car is generally intermittent. 


DIVERSIFIED APPLICATIONS OF ELECTRICAL ENERGY 


The modern motorcoach presents a good example of 


how electrical energy is being used. At first, a truck 
chassis was equipped with a motorbus body and a few 


dim lights were furnished. But luxurious motorcoaches 
for long-distance travel which are competing with other 
means of transportation are equipped with head, tail, 
sign, marker, door, body and signal lamps. In many 
instances the lights are of high candlepower. Ignition. 
cooling and heating fans, heaters, pumps and, in some 
cases, electrical refrigeration, must be supplied with 
dependable electrical energy. A comparison of such a 
load with that of a passenger-car generator is enlight- 
ening. Even on passenger-cars, we find lights of higher 
candlepower than formerly and more of them. Fuel- 
mixture heaters, cigar-lighters and other appliances are 
not uncommon. 
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Fic. 3—TYPICAL SPEED-PERFORMANCE CURVE OF THE VOLT- 
AGE-REGULATED GENERATOR OPERATING ON BATTERY LOAD 


The airplane is being developed rapidly and requires 
a high degree of reliability in constant operation. Radio 
signalling on railroad trains presents another problem. 
Large dirigibles, such as are being built, require enor- 
mous amounts of electrical energy to be generated from 
a multiplicity of powerplants and transmitted for dis- 
tances of several hundred feet. Recently, one company 
has been working on the design of generating equip- 
ment for a dirigible approximately 700 ft. long. The 
design calls for eight generators, running in parallel, 
to meet the voltage requirements of the storage-battery. 

In commercial-car applications an entirely different 
set of conditions is encountered. In general, a com- 
mercial vehicle is operated every day. Uninterrupted 
service to the maximum degree is a requisite of profit. 
Such repairs and replacements as are made must be 
effected quickly while the vehicle is off duty. 

Electrical generators today are expected to operate 
under widely varying specifications as to capacity, volt- 
age, speed, loads, time and temperature. Loads are 
being increased, despite the fact that the designers of 
automotive powerplants seem to have overlooked the 
fact that a generator of large capacity must perforce 
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occupy a relatively large space. It would be impossible 
to mount automotive generators if the manufacturers 
were allowed to rate them as industrial generators are 
rated. 

In the past, when loads were comparatively small and 
service was intermittent, the rating of an automotive 
generator was of secondary importance. So long as it 
operated in a fairly satisfactory way, that was all that 
seemed to be expected. But under present commercial 
conditions this is no longer true, for the generator is 
often forced to the limit of the characteristics of its 
materials of construction, and operation is continuous. 
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Fic. 4—VOLTAGE-REGULATED AND THIRD-BRUSH GENERATORS 
COMPARED 
The Curve and the Voltage Characteristics of the Two 
Plotted to the Same Scale for Comparative Purposes. It Will Be 
Noted That There Is a Considerable Difference Between the 
Charging Rates as the Charge Proceeds 


Types Are 


Therefore, the rating of such generators is a matter 
of concern to the manufacturer and to the user. In- 
ereased loads have affected the capacity and design of 
modern automotive generators. Formerly, a 10 to 15- 
amp. 6-volt generator was thought a sizable one for 
automotive uses. Now, demand has arisen for 1000 and 
1500-watt generators to be driven at very low speeds. 
In general, modern automotive generators fall into the 
following classifications. 


CLASSIFICATION OF AUTOMOTIVE GENERATORS 


(1) As to voltage, generators are used commonly in 
connection with lead storage-batteries of 3, 6 
and 15 cells. These correspond to the custom- 
ary 6, 12 and 30-volt classifications. There is 
also some interest in 110-volt generators in au- 
tomotive sizes 

(2) As to current, generators are required with cur- 
rent capacities from 10 to 75 amp. 

(3) As to wattage, the requirements run from 125 
to 1500 watts, with no assurance that the latter 
figure is the maximum 

(4) As to speed, generators have been requested 
which balance the battery voltage at as low a 
speed as 200 r.p.m., or at a vehicle speed of 
about 5 m.p.h. Airplanes require a balancing 
speed of around 2000 r.p.m., which gives a ratio 
between low and high speed of 10 to 1 


Very few motorcoach operators like to have a manu- 
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facturer tell them that the vehicle must be used in only 
one service, or that the operator must specify the ser- 
vice conditions. They want the vehicle designed so that 
it is suitable for city service at an average speed of say 
9 m.p.h. and also for interurban service at 50 to 60 
m.p.h.; and they want the same output from the gen- 
erating equipment in both cases. That is a severe re- 
quirement. It is not so difficult to get the generator to 
cut in at 200 r.p.m. and to have it generate current at 
3500 r.p.m., but with the restricted space available for 
the equipment, commutation difficulties arise. Elec- 
trical engineers will appreciate what that speed ratio 
means. 

Commercial-car requirements necessitate a large num- 
ber of generator designs, capacities and types of mount- 
ing. As competition in the manufacture of commercial 
vehicles becomes more severe, the engineers seek to in- 
corporate features which will differentiate their product 
from others. Frequently such novelties of construction 
effect the manufacturer of so indispensable a unit as the 
generator, forcing him to fit the unit to the conditions 
imposed by the design of the power unit and the vehicle 
and to the service intended. Too often, generator con- 
siderations are an afterthought. 


TYPES OF GENERATOR AVAILABLE 


The third-brush or current-controlled generator has 
been used on passenger-cars for a number of years. 
There have been and still are some limitations to its 
performance but, in general, it has been found to be a 
fairly satisfactory generator for this service, all things 
considered. When adjusted for rated output at re- 
quired speed, the third-brush generator will charge a 
battery at an approximately constant rate in amperes 
no matter what may be the state of charge of the bat- 
tery. In fact, the third-brush machines give slightly 
higher outputs when the battery is up. This constant 
rate of charge has been rather undesirable when the 
equipment is to be used continuously, for a prolonged 
high charging-rate will charge the battery fully and the 
excess energy which the generator furnishes can be 
absorbed only in heating the electrolyte and plates of 
the battery, causing the water to be driven off. There 
is danger that the batteries may become dry when a 
third-brush generator is used continuously for ex- 
tended periods unless the third brush is adjusted nor- 
mally for a low rate. If this is done, the chances are 
that the battery will not be sufficiently charged. 

Should a battery terminal become loosened and the 
generator be operated without the battery connected, 
its terminal voltage is uncontrolled and is proportional 
to speed, and this often results in a rise in voltage 
which burns out the lamps connected or blows the fuse 
usually provided in the field circuit. With the field 
circuit open, the generator .is protected against the 
burning out of the armature winding but it is also in- 
operative. 

If battery terminals become badly corroded, thereby 
introducing added resistance into the external circuit 
of a third-brush machine, the generator automatically 
delivers more energy to overcome the increased re- 
sistance. This may result in current high enough to 
endanger the windings of the machine. 

A characteristic curve of a third-brush generator 
with a battery load is shown in Fig. 1. It will be noted 
that there is a decided peak in the curve. Above and 
below certain driving-speeds the output of the machine 
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Fic. 5—COMPARISON OF WATTAGE CURVES 


The Wattage Output of the Voltage-Regulated and the Third- 
Brush Generators, When Operated on Batteries of the Same Size, 
Are Compared 


is greatly reduced. It is customary to adjust the set- 
ting of the third brush on the generator so that the 
peak of the output curve occurs at what is believed to be 
the average driving-speed. It will be appreciated im- 
mediately that an average driving-speed is more or less 
a phantom. Who can say just what the average speed 
of a number of vehicles is to be in service? A motor- 
coach may be in high-speed interurban-service one day 
with few stops, and in low-speed frequent-stop city- 
service the next day. A compromise is reached in the 
setting of the third brush, when one is used. It has to 





Fic. 6—TWwo-ELEMENT REGULATOR 


This Control Unit Is Used with Voltage-Regulated Generators 
Which Are Equipped With a Third Brush. The Upper Element 
Is a Conventional Circuit-Breaker or Cutout Relay, the Function 
of Which Is To Disconnect the Generator from the Battery When 
the Engine Is Not Operating or When It Is Idling at Very Low 
Speeds. The Lower Element Is the Voltage-Regulator Element 


be altered frequently to meet special conditions in 
service. 

On present commercial applications it is desirable to 
have the generator start charging the battery at low 
driving-speed and to be able to continue under full load 
up to the maximum speed of the car. The ratio be- 
tween the maximum and the minimum speed may be as 
much as 10 to 1, but a 5-to-1 ratio is the usual require- 
ment. The third-brush-generator characteristic per- 
formance does not meet this requirement. Neither can 
a third-brush generator carry the lighting load if the 
battery becomes inoperative, unless it is voltage regu- 
lated. For these and other reasons it is found that the 





Fig. 7—THREE-ELEMENT REGULATOR 


This Type of Control Unit Is Used with Shunt-Wound Generators 
for High Capacity at Low Speed, Such as Employ No Internal 
Current-Limiting Means. The Upper Element Is the Cutout 
Relay, the Central Unit the Current-Limiting Device, and the 


Lower Element the Voltage Regulator 


conventional third-brush generator leaves much to be 
desired for commercial-vehicle application. 


VOLTAGE-REGULATED TYPE OF GENERATOR 


The idea of voltage regulation of generators is not 
new, but its adaptation to automotive requirements in- 
volved considerable development. Whereas the third- 
brush generator is controlled to furnish a fairly con- 
stant current, the voltage-regulated generator is ar- 
ranged to supply electrical energy at an approximately 
uniform voltage. In short, the voltage-regulated gen- 
erator approaches the performance of a constant-po- 
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tential generator, the voltage being regulated within 
close limits. Strictly speaking, however, the voltage- 
regulated generator, as constructed at present by 
several companies, is a modified form of the constant- 
potential generator. But the result is that the voltage- 
regulated generator produces a charging rate in 
amperes which is automatically tapering. If the bat- 
tery is in a discharged condition, the charging rate will 
be comparatively high. If the battery is fully charged, 
the charging rate will be low. As a discharged battery 
is charged, its voltage slowly rises. The difference be- 
tween battery voltage and charging voltage decreases, 
which results in a decreasing or tapering charging rate 
in amperes. This characteristic is illustrated in Fig. 2, 
which shows the battery-charging curve of the voltage- 
regulated generator. 

Speed and load characteristics of the voltage-regu- 
lated type of generator are more suitable for com- 
mercial application. Generators can be built which will 
carry full load at normal speeds and continue to furnish 
almost their full rated energy up to the limit of speed 
of the engine. Fig. 3 illustrates the typical speed- 
performance of the voltage-regulated generator when 
operating on a battery load. 

In comparing the operation of the third-brush type 
of generator with that of the voltage-regulated gen- 
erator, it must be remembered that the first charges a 
battery at a fairly uniform rate and that the second 
charges in proportion to the state of charge of the 
battery. Fig. 4 shows the current and voltage charac- 
teristics of the two types plotted to the same scale for 
comparison. It will be noted that there is a consider- 
able difference between the two charging rates as the 
charge proceeds; that is, the third-brush type of gen- 
ator furnishes to the battery energy which is at times 
in excess of its needs. It may charge more rapidly, but 
this is not an unalloyed virtue because the electrolyte 
should not be overheated. 

If the voltage-regulated generator charges a battery 
with less input of energy, an appreciatble saving is 
effected which can be translated into horsepower and 
money. Fig. 5 illustrates this graphically, as it com- 
pares the wattage output of the two types of generator 
when operating on a battery of a given size. The 
economics of the operation of the two applications have 
not received much attention but, with high-capacity ma- 
chines, a substantial saving is obtained by using the 
voltage-regulated generator. 

The inadequacy of the couplings first employed called 
to the attention of some automotive engineers the im- 
portance of power inputs to large generators. 
capacity generators require a proportionately 
amount of power to drive them. 


Large- 
large 


ADVANTAGES OF THE VOLTAGE-REGULATED GENERATOR 


Several years of successful application of voltage- 
regulated types of generator to a large number of 
different kinds of service has emphasized certain advan- 
tages resulting from their use, as follows: 


(1) If a voltage-regulated generator is properly ad- 
justed, connected batteries cannot be over- 
charged 

(2) The battery is charged at a rate proportionate 
to its need of charge. If it is in a discharged 
condition, the charging is rapid at first, as it 
should be. If it is fully charged, the charging 
rate in amperes is very low; in effect it is a 
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trickling charge, which also is desirable 

(3) Because excess energy is not furnished continu- 
ously to the battery, there is less boiling away 
of the water from the electrolyte than with a 
current-regulated generator; therefore, bat- 
teries do not need to be refilled as frequently 

(4) Operators have found that battery life is greatly 
increased when voltage-regulated systems are 
used 

(5) Lamps can be operated directly from the gen- 
erator while the engine is running and no bat- 
tery is connected in the circuit 

(6) Loose or corroded battery-terminals will not 
cause an excessive rise in voltage nor the burn- 
ing out of lamps 

(7) There is a decided economic consideration be- 
cause the output of the generator is proportion- 
ate to the load required, which means that the 
power input to the generator is in accordance 
with its power output 

(8) The generator is usually designed so that it can 
carry its rated load without assistance from 
the battery 

(9) According to one large-scale operator of motor- 
coaches, the cost of operating batteries with 
voltage-regulated equipment is as low as 0.0015 
cent per coach-mile 


Voltage-regulated systems have been in use long 
enough to justify the conclusion that they are the most 
satisfactory type of apparatus now known for the vari- 
ous needs of commercial automotive applications, and 
the prediction is made that this type will find its way 
in the near future into the field of passenger-cars, for 
which it seems to have many advantages, offset by the 
single disadvantage of increased first cost. However, 
when the saving in the cost of battery maintenance is 
considered, the item of first cost is not so discouraging. 


CLASSIFICATION OF VOLTAGE-REGULATED GENERATORS 


Voltage-regulated generators are divided roughly into 
the following three main classes: (a) those of low or 
medium capacity in which an extremely low balancing- 
speed is not required, (b) those of higher capacity in 
which a low balancing-speed is desirable, and (c) high- 
capacity generators for high-speed service. 

In classes (a) and (c) it is customary to retain the 
third brush as a means of limiting the current output 
of the generator. A voltage-control unit is applied, 
which causes the generator to function as a voltage- 
regulated machine with the inherent overload protec- 
tion provided by the third brush. 

Class (b) generators are straight shunt-wound ma- 
chines having no third brush. These can be built to 
balance the battery at lower speeds; but they require 
some means of overload protection, as they will furnish 
more current than the armature winding can be made 
to conduct without overheating. It is usual to protect 
these generators by some external means. In some in- 
stances a fuse has been used; in others, an automatic 
overload circuit-breaker is employed which trips open 
the load circuit on overloads and has to be reset by hand. 
A third alternative, and the one most generally used, is 
to incorporate a current-limiting element in the control 
unit to limit automatically the current which the gen- 
erator can deliver and which does not have to be reset 
by hand. Such current-limiting devices have been used 
on each of the three classes of generator. 

Fig. 6 illustrates the two-element type of control unit 
used with voltage-regulated generators equipped with a 
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third brush. The upper element in the assembly is a 
conventional circuit-breaker or cutout relay, the func- 
tion of which is to disconnect the generator from the 
battery when the engine is not operating or when it is 
idling at very low speed, thus preventing any chance 
that the battery may discharge back through the gen- 
erator circuit. This element is no different in theory 
from those employed on passenger-cars but is more 
closely adjusted. On a voltage-regulated system there 
is no great peak of over-voltage, when the generator is 
speeded up on starting, to close the circuit-breaker even 
if it be sluggish, for the voltage is limited. Therefore, 
the cutout relay used is constructed to operate within 
closer limits than the conventional ones. 

The lower element shown in Fig. 6 is the voltage- 
regulator element. This consists of a magnetic circuit, 
energizing coils, and a vibrating armature for opening 
and closing contacts, which responds in frequency to 





Fig. 8 

This Small Type Is Designed for Machines of Low Capacity ; That 

Is, 10 or 15 Amp. at 6 or 12 Volts. The Voltage Regulator Is 
Shown at the Left and the Cutout Relay at the Right 


SMALL TW0O-ELEMENT REGULATOR 





changes of speed and variations of load in the external 
circuit. This armature cuts a regulating resistance 
into and out of the field circuit of the generator. The 
field circuit of the generator is not opened. 


THREE-ELEMENT AND TWO-ELEMENT REGULATORS 


Fig. 7 illustrates the type of control unit used with 
generators for low speed and of high capacity; that is, 
those shunt-wound generators that employ no internal 
current-limiting means. The upper element in the as- 
sembly is the cutout relay, the central unit is the cur- 
rent-limiting device, and the lower element is the volt- 
age regulator. There is no essential difference in the 
construction of the cutout relay and voltage regulator 
as compared with those just mentioned. The current- 
limiting device consists of a magnetic circuit, a mova- 
ble armature and contact points; it simply cuts resist- 
ance in and out of the field circuit, adding to the 
resistance across the voltage-regulator points, and is 
responsive to load. When an overload occurs, the ele- 
ment operates in conjunction with the voltage regulator 
to limit the amount of current the generator can supply, 
by modifying the field strength of the generator. 





Fic. 9—GENERATOR SHOWING TERMINAL BLOCK 
In Fig. 6, 7 and 8 It Will Be Noted that Each Control Unit 


Carries a Three-Pronged Terminal for Connecting to the Gen- 

erator. A Similar Terminal Block Is Mounted on the Generator 

as Shown Herewith. Two of These Terminals Connect to the 

Generator Brushes, Positive and Negative. The Third Terminal 

Connects to One End of the Generator Field-Winding, the Other 

End of the Field Being Connected to the Brush Inside the 
Generator 


For machines of low capacity, 10 or 15 amp. at 6 or 
12 volts, a small type of control unit, as shown in Fig. 
8, has been developed and widely used. The voltage 
regulator is shown as the left-hand element in the 
assembly; the cutout relay is shown at the right. There 
is no essential difference in the construction of these 
smaller units except in size. The size of the box shown 
is about 4x 4x 4 in. 

It will be noted in the three illustrations of control 
units that each carries a three-pronged terminal for 
connecting to the generator. The generator end of this 
arrangement is shown in Fig. 9. Two of these ter- 
minals connect to the generator brushes, positive and 
negative. The third terminal connects to one end of 
the generator field-winding, the other end of the field 
being connected to the generator brush inside the gen- 
erator. The three conductors connecting the control 
unit and the regulator can be inclosed in a protecting 
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Battery 





Fic. 10—WIRING DIAGRAM SHOWING VARIOUS METHODS OF 
CONNECTING THE CONTROL UNIT INTO THE CIRCUIT 
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Fic. 12—Type G-1 GENERATOR, CONTROL BOX AND WIRING DIAGRAM 


The 15-Amp. 12-Volt Generator Shown at the Left Is Designed To Mount on the Newest Types of Engine. 
Control Unit Supplied with This Generator. 


Shown at the Center, and the Cutout Relay Shown at the Right. 


armor. The field terminal is smaller than the other 
two. This, coupled with the triangular arrangement of 
the metallic prongs, makes it impossible to attach the 
connecting cable-terminals improperly. This type of 
connection has been found to eliminate many troubles 
in installation and replacement and has met with favor 
among users. 


METHODS OF CONNECTING THE CONTROL UNIT 


Fig. 10 illustrates various combinations of the method 
of connecting the control unit into the circuit. It is 
obvious that no complication is introduced which would 
be troublesome. The connecting cable, carrying three 
wires from generator to regulator, obviates any possi- 
bility of error on that end. From the control unit 
either one or two load-terminals are provided, with the 
polarity marked on the outside of the box. 


EQUIPMENT FOR RAIL-CAR SERVICE 


Another variety of the equipment is for use with 15 
lead cells, principally for application to gasoline-engined 
rail-cars. It has been found that, if no more than 15 
cells are used, there is no need of a lamp regulator; 
consequently, the voltage rating of such apparatus is 
30.0 to 37.5 volts, figuring 2.0 volts per cell if discharged 








Fic. 11—ConTROL UNIT FOR RAIL-CAR USAGE 


This Type of Unit Is Designed for Service on a Battery Consisting 

of 15 Lead Cells. The Upper Left-Hand Element Is the Current- 

Limiting Device and the Lower Right-Hand Element Is the 
Voltage Regulator 


In the Central View Is the 


It Comprises the Voltage-Regulator Element Shown at the Left, the Load-Limiting Device 
The Wiring Plan of the Control Unit Is Shown in the View at the Right 


and 2.5 volts per cell if charged. The 37.5-volt poten- 
tial does not burn out the lamps available for this ser- 
vice. In rail-car operation, another requirement is that 
the cutout relay must function so that, if the car be 
bumped severely while switching, the armature of the 
cutout relay will not be jarred shut, close the circuit 
and allow the battery to discharge through the gen- 
erator. 

Fig. 11 illustrates the control unit for 15-lead-cell 
application. The upper left-hand element is the cutout 
relay, the upper right-hand element is the current lim- 
iter, and the lower right-hand element is the voltage 
regulator. These are, in general, of the same construc- 
tion as elements previously mentioned, except that they 
are built to operate on the higher voltage and the cutout 
relay is provided with a double contact. The lower 
left-hand element is a trip relay which functions in 
conjunction with the cutout relay so that, should the 
cutout-relay armature be jarred shut, or even closed by 
hand, it will not allow the contacts to remain closed. In 
other words, the trip relay functions to prevent the 
series winding of the cutout relay ever being able to 
overpower the shunt winding. 


APPLICATION OF VOLTAGE REGULATION TO AIRCRAFT 


Voltage regulation has been found to be essential to 
the satisfactory operation of generators for aircraft 
application. In this service the engine runs at a fairly 
constant high speed and, especially in cross-country 
flying, for long periods. In addition, it is highly de- 
sirable to have a source of approximately constant- 
potential electrical energy for the operation of radio 
and other devices. 

Technicians of the Army Air Service were among the 
first to appreciate the advantages of voltage regulation 
as applied to their problems, and since the war a con- 
tinuous and uninterrupted program of development has 
been carried on which has resulted in a line of gen- 
erators and control units for aircraft. When slightly 
modified, these serve admirably on commercial airplanes. 
The Air Corps requirements, which include radio opera- 
tion, are much more rigid than those necessary for 
commercial aviation. 

Fig. 12 illustrates, at the left, a 15-amp. 12-volt gen- 
erator such as is used by both the Army and the Navy 
Air Services and that also has been applied to a num- 
ber of commercial airplanes. The generator is designed 
to mount on the newer types of engine and is provided 
with an internal spring-coupling or drive to relieve the 
armature shaft of sudden strains imposed by rapid ac- 
celeration. 

The control unit supplied with this generator is 
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shown in the central view in Fig. 12. The assembly 
comprises the voltage-regulator element, shown at the 
left, the load-limiting device, at the center, and the 
cutout relay, at the right. These elements are similar 
in construction to those previously described except that 
more care is exercised in balancing the winding for heat 
changes and generally adjusting the operation to be 
within the very close limits imposed by radio require- 
ments. The wiring plan of this control unit is shown 
at the right in Fig. 12. 

A special controlling resistance in series with the 
shunt winding of the voltage-regulator element is shown 
at the right in the wiring plan in Fig. 12. As the 
copper wire of the winding heats, its resistance in- 
creases; but, as the resistance unit heats, its resistance 
decreases and this balances or compensates the increase 
in resistance of the winding automatically and prevents 
voltage variations due to heat. This device makes it 
possible to cause the generator to charge the battery 
for a few minutes at a very high rate on starting, then, 
automatically, the voltage will be lowered so that a 
normal charging-rate follows. Hence, if the starting 
motor on an airplane has been used to start the engine, 
exhausting or partly exhausting the very small battery 
carried, the battery can be charged very rapidly for the 
first few minutes in the air, thus providing some charge 
in case of an immediate forced landing. 


TWo-ELEMENT CONTROL FOR AIRCRAFT GENERATORS 


A two-element control-unit is also available for use 
with the 25 and the 50-amp. aircraft generators. This 
is very similar to the two-element control-units de- 
scribed in connection with commercial-vehicle applica- 
tions, except for the fact that it is housed in a lighter 
container. 
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Fig. 13—METHOD OF MOUNTING A GENERATOR ON THE IN- 
VERTED LIBERTY ENGINE 


Table 1 gives the types and ratings of generators de- 
veloped for the Army Air Service. It indicates the 
variety of conditions for which the manufacturer must 
provide in modern production of generators for aviation 
purposes. These are Army types. Slight variations are 
required for the Navy, and a duplicate number of types 
are provided for commercial airplanes. It is interesting 
to note the output ratings of these generators consid- 
ered on a basis of weight. 

In aircraft application, the generators are provided 
with a vent tube fitting into the commutator band. This 
tube extends up through the cowling of the ship and 
terminates in a short right-angled pipe which is turned 
backward. This causes a suction of air through the 
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generator from the slipstream, without allowing rain to 
enter through the vent. 

Fig. 13 shows the generator mounting provided on 
the inverted Liberty aircraft engine. Fig. 14 illus- 
trates the method of mounting on the Wright Whirl- 
wind engine. 

PROVISION FOR LIGHTING CURRENT 


On aircraft equipped for night flying, powerful land- 
ing-lights are necessary. These draw a very large 
amount of current and are one of the great factors 
influencing the size of the generator and battery which 
must be used. Two of these lamps are used on each 
airplane, each drawing approximately 45 amp. when in 
operation. On Bl-type airplanes the lamps are located 
on the upper wings on some installations and on the 
lower wings on othérs. Fig. 15 illustrates the landing- 
light arrangement on a Loening amphibian airplane. 

Fig. 16 is a view of the new Curtiss Condor airplane, 
showing the two landing-lights centrally mounted. Two 
generators operating in parallel are used, one on each 
of the two engines. This is one of the few installations 
of its kind in existence. 

Aircraft materiel has been emphasized in this discus- 





TABLE 1—AIRCRAFT GENERATORS AVAILABLE 
Generator Speed, 





R.P.M Maxi- 
— — . mum Direction 
Mini- Rated Weight, | of 
mum to Rated Line- Gen- Outside Rotation 
Carry Poten- Cur- erator Diam- at 
tated tial, rent, Only, eter, Drive 
Type Load Normal Volts Amp. Lb. In. End 
B-1 2,000 2,250 15 25 28 5.0 Clockwise 
C-1 2,000 2,250 15 50 44 6.0 Clockwise 
D-1 2,250 2,750 15 25 20 4.5 Counter- 
clockwise 
E-3 2,250 2.750 15 50 35 5.5 Counter- 
; clockwise 
E-4 2,250 2,750 15 50 35 5.5 Clockwise 
F-1 2,000 2.250 15 15 24 4.5 Clockwise 
G-1 2,250 2,750 15 15 16 4.0 Counter- 
clockwise 
G-2 2,250 2,750 15 15 16 4.0 Clockwise 





sion for several reasons. First, it is interesting to 
everyone today. In electrical application, air transport 
is leading other branches of automotive engineering. 
Aircraft equipment is a good proving laboratory, for 
the tests are rigorous and the requirements exacting. 
Aviation applications are proving the correctness of the 
principle of voltage regulation. 

If electrical loads are to increase further and the 
engine builders continue to restrict the space available 
for the generator, the parallel operation of generators 
may assume more importance in the future. Numerous 
instances have arisen in which a motorcoach, for ex- 
ample, required energy in excess of that which the 
generator could furnish, because a large enough gen- 
erator could not be mounted in the space available. 


GENERATOR EQUIPMENT INCREASINGLY IMPORTANT 


On a large dirigible that is being designed in this 
Country it is proposed to carry eight powerplants in 
separate compartments. As the airship is more than 
700 ft. long, the problem of transmitting electrical 
energy without serious loss must be considered. It is 
proposed that eight 110-volt generators be operated in 
parallel on this installation to supply one battery, all 
cells of which will be centrally located. 
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Fig. 15—LANDING-LIGHT INSTALLATION ON THE LOENING 
AMPHIBIAN AIRPLANE 


The wide application of voltage regulation to auto- 
motive purposes is in the nature of a revolution and 
requires considerable educational effort on the part of 
the manufacturer. He has been handicapped severely 
in this respect by the slow response of vehicle builders 
and users. There is still some inclination to regard the 
generator equipment as entirely secondary in impor- 
tance, in spite of the fact that it furnishes electrical 
energy in large quantities. A power unit which is ex- 
pected to deliver 300 watts and upward is no longer a 
toy, and must be accorded due recognition in the auto- 
motive scheme of things. It can no longer be ignored, 
but must be given proper consideration and attention. 


PROPER USAGE OF VOLTAGE REGULATORS 


Voltage regulators manufactured today are reliable to 
a high degree and function automatically. In general, 
it is a good rule to make sure that they are properly 
adjusted to meet requirements and then to let them 
alone. In a voltage-regulated system, if the battery is 
fully charged the charging rate in amperes will be low. 
Many have assumed that a low ammeter-reading meant 
that the generator was not producing enough current 
and have raised the voltage and the charging rate, 
which naturally resulted in an excessively high rate 
with all of its attendant troubles. Instances have oc- 
curred in which the voltage has been raised, through 
ignorance, to more than 20 volts on a 12-volt system, 
despite every effort that could be made to educate the 





Fic. 16—CURTISS CONDOR AIRPLANE HAVING Two LANDING- 
LIGHTS CENTRALLY MOUNTED 
Two Generators Are Used, One on Each of the Two Engines 
the Generators Are Operated in Parallel 
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user to the characteristics of voltage-regulated gener- 
ating equipment. 

Experience has also shown that it is better to adjust 
the charging so that the battery is cycled frequently. 
This procedure has the sanction of the battery manu- 
facturers, as longer battery life results. It is better to 
allow a battery to discharge somewhat and then to re- 
charge, than it is to keep it in a fully charged condition 
at all times. It has also been found that in many cases 
it is desirable to charge the battery at higher rates in 
the cold months than in the warmer ones. This can be 
done easily by adjusting the voltage to a higher value 
for winter service than for summer. The automatic 
tapering charge still results, but the final rate will be 
slightly higher. The voltage should not be set so low 
that there is danger of the voltage of the battery, when 
fully charged, exceeding the generator voltage in nor- 
mal operation. 


STEADY VOLTAGE BENEFITS LAMPS AND BATTERIES 


Lamp manufacturers are keenly interested in the ap- 
plication of voltage regulation to automotive require- 
ments, because it assures them of less fluctuation in 
voltage than formerly and also is good assurance 
against excessive voltages which endanger lamps. By 
adjusting the rated voltage of the lamps to the re- 
quired service-condition, it is being found that lamp life 
can be greatly prolonged. 

Battery manufacturers favor voltage regulation be- 
cause it removes, in a large measure, the chance of 
constant over-charging of batteries. Energy is fur- 
nished to the battery in proportion to its needs, and 
not at a constant rate which is excessive for a large 
part of the time. Some operators of fleets of motor- 
coaches have made the statement that battery life is 
at least doubled by the application of voltage regula- 
tion. 

As improved methods of keeping performance records 
are developed by motorcoach operators, it will be possi- 
ble to obtain accurate data on the cost of operating 
automotive electrical systems. Meager figures now 
available indicate that the cost of maintaining a volt- 
age-regulated system is surprisingly low if it is not 
abused. The employment of voltage regulation adds 
no complication to the operation of the electrical system 
so far as the user is concerned; in fact, it should elim- 
inate many of his troubles. 

While the trend is toward the adoption of voltage- 
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regulated generators wherever continuous operation for 
prolonged periods is required, it is probable that the 
third-brush generator will continue to have many uses. 
The voltage-regulated system functions automatically 
to protect the equipment and has many decided advan- 
tages and, where first cost is not the paramount con- 
sideration, it can be considered as the best available 
equipment for all classes of service known today. 


FURTHER DEVELOPMENT IN PROGRESS 


It is not to be assumed that the present voltage- 
regulated systems are the ultimate to be achieved. Ex- 
perimental work is continuously going on to improve 
the performance, simplify the apparatus, and extend its 
application. It is believed that the principle is correct 
and, as more thought and effort are expended upon it, 
generating equipment will be further improved. During 
the time when both classes of generator are used, that 
is, the familiar third-brush and the newer voltage- 
regulated types, it is essential that the difference in 
characteristics be appreciated. Those interested should 
spend the small amount of time and effort necessary to 
inform themselves of the performance features of the 
two types. 

The manufacturer of electrical equipment is striving 
to meet numerous and varying requirements, and he 
needs cooperation from those interested. First, the 
engine builder should realize that the generator equip- 
ment is no longer a mere appendage but is a power unit 
and must occupy a space in proportion to the service 
demanded of it. Proper driving speeds and means, 
more room, and better mounting arrangements should 
be provided. More and more dependence is placed on 
the generator not only for necessities but for luxuries 
which are added as features in the construction of 
automotive vehicles. 

It is hoped that this discussion will suggest the im- 
portance of the generating unit and that mounting, 
space requirements, driving means, and proper capaci- 
ties are engineering considerations which merit 
thought. Insufficient attention has heretofore been 
given to generating equipment. The attitude has been 
that a generator could be added at any time and that 
it was not necessarily an indispensable component to be 
provided for adequately. Today, generating equipment 
is essential on commercial vehicles, and general appre- 
ciation of this fact will give impetus to the coopera- 
tive effort needed for further improvement. 


THE DISCUSSION 


QUESTION :—What are the differences between the 
various systems with regard to voltage control? 

B. M. LEEcE:—A modified form of control, such as 
charging by current limitation until a certain voltage 
is reached and then tapering the charge automatically, 
is sometimes used. Such a system is similar to the 
one used on motor rail-cars. The equipment must be 
of fairly large size and is not well suited to the space 
allowed by motor-vehicle engine-builders. Some manu- 
facturers build equipment which consists essentially of 
a current-regulating device augmented by series wind- 
ing when the lights are turned on, which increases the 


2? M.S.A.E.—Principal automotive lighting specialist, engineering 
department, National Lamp Works of the General Electric Co., 
Nela Park, Cleveland. 


output of the generator. A third-brush machine with 
an added series-winding in the field which is connected 
with the load is used. When the load is on, that in- 
creases the generator output. When the load is off, the 
battery chan ging-rate is in a measure protected. 

W. M. JOHNSON’ :—I recently served on a committee 
appointed by the Automotive Electric Association to 
investigate electrical loads on motorcoaches. We found 
that, for the ordinary size of motorcoach, of 25 to 29- 
passenger capacity, the battery and the generator 
equipment were designed to carry a load of approxi- 
mately 225 watts; whereas, in service, the electrical 
load on these same coaches often ran as high as 350 


watts. The load for double-deck motorcoaches was as 
high as 750 watts. 
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There seems to be a decided trend on the part of 
motorcoach operators toward the greater use of elec- 
trical energy, and I believe that they should not be 
discouraged in this. The generous use of well-designed 
lighting equipment does much toward advertising the 
line, and toward promoting the comfort and safety of 
passengers who travel at night. Electrical devices, such 
as buzzers, fans and cigar-lighters, are other factors 
that help to build up patronage over that of competitive 
means of travel. 

Since the major part of the electrical load is used 
for lighting, I shall say a few words about voltage. 
Such a wide variation exists in electrical loads, speeds, 
and the like, that on battery-generator systems of the 
constant-current type the voltage may vary 25 per cent 
or more at the lamp sockets, either side of normal. This 
means that the candlepower of lamps, which varies as 
the 3.4 power of the voltage, will vary from 40 to 200 
per cent of normal. Their performance is, of course, 
unsatisfactory at either extreme. I am therefore of 
the opinion that we shall never have satisfactory lamp 
performance on either passenger-cars or motorcoaches 
until this tremendous range in voltage that we find in 
service has been materially reduced. I am also con- 
vinced from performance records we have that this 
range can be confined within tolerable limits by the use 
of voltage-regulated instead of current-regulated sys- 
tems. 

TROUBLE CAUSED BY OVERLOAD 


H. W. WILCHECK’:—For various reasons the motor- 
coach operators are looking for a larger-sized gener- 
ator. They are getting tired of their present heating 
systems, such as by means of the exhaust. It requires 
a lot of current to heat a motorcoach by electricity, but 
it can be done. 

Some motorcoaches are now equipped with electrical 
fans to cool them in summer. In winter driving, the 
front windshield becomes coated with ice as a result 
of the freezing of the moisture condensed on the in- 
side glass because the temperature outside is different 
from that on the inside. On our next job we are going 
to use an electrically driven fan to keep the windshields 
at the same temperature on the inside as on the out- 
side, and thus prevent the trouble. 

We had trouble with the lighting system on one job 
in particular and found that we were using a 42-amp. 
discharge with a 25-amp. generator. 

Mr. LEECE:—On that particular job the electrical 
system was all right up to the time the vehicle was put 
on a school run where the speed did not average more 
than about 8 m.p.h. The generator on that vehicle was 
designed for normal operating conditions, but it is a 
problem to design a generator with which intermittent 
service can be furnished at an average speed of 8 
m.p.h., which is all the speed will average with the 
stops made on a school run. The problem is not to 
supply current at that speed, but to provide a gener- 
ator which is flexible enough to supply current when 
the vehicle is operated at perhaps 50 m.p.h. on some 
other service. That is a real problem. Had Wil- 





’ Berea Bus Line Co., Berea, Ohio. 


*M.S.A.E.—Assistant sales manager, Willard Storage Battery 
Co., Cleveland. 


5 M.S.A.E.—Research engineer, Cleveland. 


6 M.S.A.E.—Chief field service engineer, White Motor Co., Cleve- 
land. 
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check used that vehicle on an average service there 
would have been no trouble, but it was in a service re- 
quiring frequent stops which allowed insufficient time 
to charge the batteries. 

C. T. KLuG*:—Voltage-regulated charging equipment 
favors the storage batteries and extends their life. In 
the long run an adequate battery of large size enables 
the equipment to operate at the lowest cost per mile. 
That is true not only of motorcoach equipment but of 
any kind of equipment run continuously. 

QUESTION :—Will the use of a high-voltage regulating- 
coil make it unnecessary to use a third brush on the 
generator? 

Mr. LEECE:—Our experience is that the third-brush 
method protects against overload better than the regu- 
lating coil does. I think any improvements in the 
maximum current-output of the generator will come 
from a modified brush arrangement rather than from 
the use of a coil for regulation. 

MERRITT R. WELLS’:—In some of the earlier types of 
vibrator we had trouble with the contact points. Do 
you experience similar trouble? 

Mr. LEECE:—We have had very little contact-point 
trouble. The reason is that, at the instant the contacts 
open, there is a reversal of current which suppresses 
any rising current due to the self-induction of the cir- 
cuit. So far, the contact-point problem has been one of 
the minor problems in voltage regulation, provided the 
regulator is set to regulate the voltage within reason- 
able limits. If an attempt is made to run the voltage 
up, say to 18 or 20 volts, to increase the charging rate, 
this will cause trouble because the contacts and con- 
denser capacities are not designed for that voltage. 

A. J. SCAIFE’:—If we try to install on the motorcoach 
all the things for which some of the operators are ask- 
ing, where are we going to put the generator? We are 
looking for space for it now. By the time we get 
through we shall have no powerplant. 

The operators of motorcoaches expect to have a ser- 
vice man at their beck and call and, if the equipment 
does not perform as expected, they want it changed. 
They want, for example, a larger generator. If the 
vehicle has been designed for 8-cp. lamps, they want to 
change them to 25 or 32-cp. lamps and increase the load. 
Then, because the generator burns out, they expect the 
electrical equipment manufacturer to give them a new 
one for nothing. Such things have been going on for 
years. Only in one way can any of us beat this propo- 
sition. We must lay the cards on the table and tell each 
other what we have done and really expect to do, thus 
working together. 


SIZE OF BATTERY REQUIRED 


FERDINAND JEHLE' :—Is the size of the battery for a 
voltage-controlled generator smaller than that necessary 
with a third-brush machine? What should be the size 
of the battery for a 300, a 400, or a 500-watt generator? 

Mr. LEECE:—The size of the battery for a voltage- 
regulated job is determined primarily by the amount of 
standby load necessary. By “standby load” I mean the 
load while the vehicle is operated below the effective 
charging speed for the generator. We have found that 
a 50-amp. discharge on the battery does not mean that 
this is all the generator should supply. In a discharged 
condition a battery connected to a voltage-regulated 
generator will require a comparatively large input, and 
if the generator capacity were sufficient it could deliver 
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an output of 100 amp. because, in addition to supplying 
the lighting load, it should supply enough current to 
charge the battery. It is manifestly impossible to de- 
sign a generator of sufficient capacity to take care of the 
lighting loads and charge the large batteries required 
for standby periods; so they have to be regulated as to 
output in some way. The size of the battery used with a 
voltage-regulated generator does not matter. We do not 
care whether a small battery or a large battery is used, 
except that any charge rate from the generator must be 
regulated or governed to the maximum capacity of the 
generator rather than to the capacity of the battery. 

Mr. JEHLE:—In considering the installation of the 
battery and the generator, is not the proper solution to 
choose the generator for the service so that it will 
operate at a sufficiently low speed and have sufficient 
capacity to carry the entire lighting load, and that all 
battery charging be done in the day time, rather than 
to have to call on the battery to carry part of the lamp 
load? 

Mr. LEECE:—In some operations, the vehicles run 
entirely at night and have to stand for considerable 
lengths of time. Obviously, they must be lighted while 
standing, and usually a high discharge-rate is demanded 
from the battery. Then the specific gravity of the 
battery gradually becomes low and the generator must 
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be able to recharge it rapidly in addition to carrying the 
lighting load. That immediately doubles the charge re- 
quired from the generator, and space for a generator 
to give a reasonable amount of charge is not available. 

But the worst problem is caused by the variable 
speeds for service; for instance, an average of 6 to 8 
m.p.h. in city work and 50 to 60 m.p.h. in interurban 
work, the same motorcoach being used for both pur- 
poses. It is not that the generator manufacturer can- 
not build a machine to meet those conditions, but that 
they cannot be met in the small space available; there 
must be room for auxiliary devices. The problem will 
be solved, because we already have the cooperation of 
the motorcoach builders, who realize the difficulties as 
well as we do. They have been hampered the same as 
we have. It is not a matter of delivering to the operator 
a motorcoach that will meet all conditions, because that 
cannot be done. In industrial work we do not expect to 
buy a 3-hp. motor and immediately use it as a 6-hp. 
motor. If we do so and burn it out under those condi- 
tions, we expect to pay for it. If we buy a generator 
and overload it, we can expect to pay for it. Many of 
the operators expect to put an excessive load on the 
generator and then, if anything goes wrong for any 
reason, to call upon the manufacturer and have him 
make the equipment satisfactory. 





National Highways. 


WE have now outgrown State highways for interstate 
use, as we have outgrown town or township roads for 
county use, and county roads for State use. For interstate 
highways there are no State boundaries, any more than 
there are county boundaries for State highways. 

Why not profit by the experience of the past and imme- 
diately adopt the effective policy of having the United 
States Government own, build and forever maintain the 
system of 100,000 miles of United States highways now 
designated and being marked with the United States shield? 

Our States having State highways would not today permit 
their counties to dictate the terms and conditions under 
which State highways should be built. These States would 
scout the idea of leaving to their counties the building of 
State highways passing through said counties. The Nation 
cannot permit the States to dictate the terms and condi- 
tion upon which our United States highways shall be built. 
The Nation cannot permit the States to build them piece- 
meal. The Nation must do the work, pay for it, and after- 
ward maintain our great system of United States high- 
ways—rcads that will cover the Country with a network of 
primary interstate highways that will thus at one cost 
become the main trunk roads for the communities through 
which they pass. Only the Nation can build these roads 
heavy enough, wide enough, straight enough for our more 
than 30,000,000 motor-vehicles of the future and for our 
National industrial and military needs. 

Such a system of United States highways will be paid 
for out of general taxation. So paid, the cost will be equi- 
tably distributed. The densely populated States and the 
large cities will pay most of this cost, about 90 per cent, 
leaving only 10 per cent to be paid by the farming com- 
munities of the West, the Mississippi Valley, the Southwest 
and the South. These rural areas will gain about 90 per 


cent of the mileage. This will result in no hardship or be 
unfair to the populous States and urban centers, any more 
than State highways have been to the cities, because, after 
all, they gain the most by the automatic gravitation of 
wealth to themselves. Let Federal aid go to the balance of 
the Federal-aid system as now authorized and to those 
parts of our 48 State-highway systems which are independ- 
ent of the 100,000 miles of United States highway, as State 
aid is given to their 3027 counties for county, township 
and town roads independent of their State-highway systems. 

These three systems of highways—United States, State, 
and local—should be built around a fourth and greater 
system of National highways—50,000 miles—the greatest 
system the world has ever seen, from capital to capital of 
our 48 States—industrial and military highways to carry 
the fast, the heavy and the thorough traffic through our 
Nation. This traffic would be fed to them over the system 
of United States highways, which in turn would collect it 
from the 48 State-highway systems, with which the local 
roads would connect throughout our Country. 

By this four-fold system of highways, an impetus as yet 
unthought of would be given to road building throughout 
the Nation. Authority and responsibility would be logically 
and economically divided and fixed without conflict arising. 
Uniformity and efficiency would be established. Standards 
of construction and maintenance would be raised. The 
Nation would be given good roads everywhere by a well- 
balanced, connected system of National, United States and 
State highways and local roads reaching out to the most 
remote parts thereof. They would be built in a short time 
and with economy. The money would all go into roads and 
the cost would be equitably distributed upon those com- 
munities best able to pay for them.—Charles Davis, presi- 
dent National Highways Association, in Motor Travel. 


ST a 


aw arn 
a 


ste 


52 diet 


EE OE Sea ae 


x 












































Aircraft Instruments and Navigation 


Discussion of V. E. Carbonara’s and Lieut. A. F. Hegenberger- 
Bradley Jones’ Aeronautic Meeting Papers' 





N his paper on Aircraft Instruments for Oversea 

Navigation, Mr. Carbonara outlined the present 
methods of using aircraft navigational instruments 
of various types and their practicability for oversea 
navigation. No absolutely precise instruments are 
avialable to determine the direction of motion and the 
rate of speed, which facts it is necessary to know to 
determine the position of a moving object. Radio 
beacons and goniometric apparatus are unreliable and 
lack sufficient range. When celestial bodies are vis- 
ible, the use of the sextant and the chronometer is 
complicated but reliable and should be available for 
oversea flights. Interest in their use will be the in- 


centive for better overseas instruments, in the opinion 
of the author. 


Lieutenant Hegenberger and Mr. Jones emphasized, 
in their paper on Oversea Navigation, the necessity 
of proper preliminary training and preparation for 
oversea flights. Avigational equipment and methods 


CHAIRMAN W. L. LE PAGE’ :—One point in particular 
in connection with Mr. Carbonara’s paper, the value of 
outside communication to aerial navigation, is very 
interesting to me. The weather, as such, has no direct 
bearing upon avigation, but it has a great influence 
upon the activities of the avigator and the results of 
his work. The extent to which radio communication is 
used by steamship captains on the high seas is a good 
indication that we shall not have reliable air naviga- 
tion and air transportation without its extensive use 
in this field likewise. 

W. G. Fisk*:—It may be of interest to know that the 
Radio Corporation of America has designed three types 
of aircraft transmitter. In power rating, the first is a 
10-watt set for ordinary use for short-flight distances; 
the second, a 100-watt set which is an intermediate 
type; the third, a 300-watt set for large types of air- 
plane. These transmitters are arranged for both tele- 
graph and telephone communication. It is believed that 
telephone communication is about 50 per cent as effi- 
cient for distance flights as code or telegraph communi- 
cation would be under the same conditions. 

We have also designed a beacon receiver that weighs 
about 10 lb. and that can be installed in the cockpit. 
The beacon receiver will be one of the most important 
developments for aircraft navigation. 





1Mr. Carbonars’s paper was printed in THE JOURNAL for Novem- 
ber, 1927, p. 528. The author is assistant chief engineer, Pioneer 
Instrument Co., Brooklyn, N. r. The paper by Lieutenant 
Hegenberger and Mr. Jones was printed in THe JOURNAL for 
December, 1927, p. 699. The joint authors are connected with the 
materiel division, Army Air Corps, Wright Field, Dayton, Ohio 
An abstract of both papers is printed above, supplemented by a 
summary of the main points dealt with in the discussion. 


2jJun. S.A.E.—Assistant to vice-president, Pitcairn Aviation, 
Inc., Philadelphia. 


3 Commercial engineer, Radio Corporation of America, New York 
City. 


«Meteorologist, Weather Bureau, New York City. 





of avigating will vary with each individual flight con- 
templated. Fatigue affects the efficiency of the pilot 
much less than that of the avigator, for the duties 
of the latter cannot become subconscious. A study 
of climatic conditions will decide the choice of the 
route flown, and the report of the meteorologist will 
determine the proper time of take-off. An outline of 
dead reckoning, astronomical observations and radio- 
direction as methods of avigation concluded the paper. 
The discussion herewith relates to the progress in 
the development of equipment for aerial transportation 
and the problems of meteorological flight-data. Radio 
sets for airplane use are available in 10, 75 and 350- 
watt types. Radio-beacon transmitters and receivers 
have been developed. The problems of transatlantic 
weather forecasting for the flights of the last year 
and the need of meteorological flight-data along reg- 
ular airways are presented. The discussion is closed 
by a statement of the needs for all-weather flying. 


The Department of Commerce is installing many 
ground aircraft-beacons of the 2-kw-power type at the 
various flying-fields in this Country. There are, at 
present, transmitting beacons at College Park, Md.; 
Bellefonte, Pa.; and Hadley Field, N. J. Two types of 
aircraft transmitter have been developed, one of the 
400-watt type and the other of the 2-kw. type. It is 
generally understood that the Bureau of Lighthouses 
will install these beacons, as in the past the Govern- 
ment has installed lighthouses as an aid to marine navi- 
gation. 


PROBLEM OF TRANSATLANTIC WEATHER FORECASTING 


JAMES H. KIMBALL‘:—The difficulty that the Weather 
Bureau encountered in undertaking to aid the trans- 
atlantic fliers arose largely from the fact that we had 
no common language; the flier, the avigator, the pilot, 
and the engineer all spoke in somewhat different terms 
and we hardly understood one another. Maps made in 
the Weather Bureau that seemed to the meteorologist 
to be good were treated indifferently by the fliers. On 
the other hand, maps that seemed to the Weather 
Bureau to be entirely impossible were looked upon 
favorably by the pilots. That is one of the situations 
that we should not have confronting us next year. We 
should find a common language in which to talk about 
these things so we can understand one another. There 
must be a wealth of value in these flights that still 
exists only in the minds of the fliers. 

Commander Byrd and Clarence Chamberlin flew over 
the Atlantic Ocean in weather conditions that were 
similar. A tremendous area of high barometer pre- 
vailed from one coast to the other, with westerly winds. 
Byrd had a wind advantage of perhaps 30 m.p.h., and 
made his flight with great speed and directness from 
Newfoundland to the other side. That was a weather 
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map that looked ideal; in fact, it is the traditional 
summer type, a large area of high barometer over 
most of the ocean with relatively low pressure in the 
Arctic, which tends to give westerly winds from one 
side to the other. But Commander Byrd told us that 
he did 17 hr. of blind flying. We, in the Weather 
Bureau, were not prepared for that. We knew that the 
wind was right and we thought there would be no great 
difficulty in making the flight. We knew that there 
were no storms on the way, such as Ruth Elder and 
George Haldeman went through in their flight. The 
clouds through which Byrd flew were perhaps 10,000 
to 15,000 ft. thick. If the Weather Bureau had known 
about these clouds, we would have been able to advise 
Commander Byrd that he would have favorable winds 
of good velocity but would have that blind flying to do. 

Both Commander Byrd and Colonel Lindbergh flew 
through an area of relatively low barometer over the 
Newfoundland area. The pressure was only moderately 
low. In Lindbergh’s case the low barometer was mov- 
ing out rapidly. In Byrd’s flight, the low barometer 
over Newfoundland was filling up. These two men 
might give us some valuable information on this par- 
ticular phase of Atlantic weather. On the other side 
of the ocean, the storm that nearly caused disaster to 
the Byrd flight was a low-barometer area that developed 
southward from Ireland to France after he had left. 
This is unusual. Storms in that area usually travel 
toward the northeast. 

At the time of the Byrd flight we had the cooperation 
of the British meteorologists, and I think our experi- 
ence in the summer of 1927 is sufficient to convince us 
that a weather map of the ocean must be made through 
the cooperation of the American and the European ser- 
vices, There, again, is the need of establishing a com- 
mon language, for the French record air pressure in 
millimeters, the British in millibars, and we in inches. 
There is no great difficulty in converting these, but it 
takes time, and this must all be done very quickly if 
a fresh map is to be in the hands of the flier. 


NEED RADIO WEATHER REPORTS FROM SHIPS 


One feature which resulted from ‘the consultation 
with Commander Noel Davis brings me back to the 
beginning of the season’s work. He was the first of 
the fliers in 1927 to ask for the assistance of the 
Weather Bureau. I was surprised and delighted to 
learn when he came to the Weather Bureau that he had 
studied North Atlantic weather maps for the previous 
6 months. The maps were made from reports that had 
been received from ships for many years back. Com- 
mander Davis brought us face to face with the neces- 
sity of getting in 6 hr. a map that previously had taken 
us 6 weeks to make. 

The Weather Bureau continues to collect weather 
observations from ships. They come by mail, and the 
map that we are making today by that process is 6 
weeks old. These maps are good for study purposes 
but are useless for transatlantic flying. As the Weather 
Bureau had no funds and no personnel for the purpose, 
Commander Davis asked the Radio Corporation of 
America to collect weather reports from ships by radio, 
which it agreed to do. We surmounted the difficulty 
as to personnel during the summer, and in the period 





° A.S.A.E.—Superintendent, eastern division, National Air Trans- 
port, Inc.. Cleveland. 


*This service is now furnished at Chicago, also. 
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just preceding the flights we had 5 to 10 ship reports 
on the chart from which we could make the day’s map. 
As delayed reports came in, we filled up the back maps 
and corrected the errors where we could, thus establish- 
ing a better basis for the map that was to follow. 

Commander Davis called our attention to the fact 
that the Weather Bureau was established, in 1871, 
primarily for the benefit of shipping, and shortly after 
its establishment we were able to issue storm warnings 
to ships on the Great Lakes and along the Atlantic 
Coast. Since then we have extended the field until 
now we make predictions as far east as Bermuda and 
the Grand Banks and for the whole area of the Gulf 
of Mexico and the Caribbean Sea. Commander Davis 
argued that aircraft have as much right to such protec- 
tion as the Weather Bureau can give as have marine 
ships. Without specific authority, we went to work 
and did what we could to keep the fliers out of any 
particular danger. 

We have been able this year only to keep the fliers 
off the ocean when a general storm was in progress. We 
could not advise them as to squalls or local storms, 
nor have we been able to give them thoroughly satis- 
factory forecasts for 36 or 48 hr. in advance of the 
weather conditions prevailing in Europe. The fliers 
who were closely in touch with the Weather Bureau 
were able to keep out of dangerous storms with a single 
exception. The storm that Ruth Elder and George 
Haldeman encountered 36 hr. after they left was one 
they knew about before they left. It extended from the 
Arctic, crossed the steamer lanes down to the latitude 
of the Azores and had been moving laterally across the 
ocean for a week, but they decided they would take a 
chance. They successfully negotiated a storm that 
mariners class as a moderate gale, and proved the air- 
worthiness of the 1927 type of airplane when it is 
handled skilfully. 


AtR-MAIL AIRWAY WEATHER REPORTS 


WESLEY L. SMITH’:—Dr. Kimball did not mention 
what the Weather Bureau is doing for the Air Mail 
Service. Regular flying over any sort of airway has 
reached a point where no one starts without having a 
little information about the weather from the Weather 
Bureau. Hadley Field, N. J., has a weather map twice 
each day, made by Weather Bureau men from the in- 
formation furnished by the Weather Bureau. We get 
these maps at 9 a.m. and at 9 p.m. The weather re- 
ports are collected from all over the United States by 
the Bureau and are sent to us at our stations. We have 
that service at Hadley Field and at Cleveland, and hope 
to have it at Chicago’. That weather service gives, not 
only local information, but information of what is com- 
ing in the next 24 or 36 hr., which is very necessary 
for us to know. 

In addition to the reports from the Weather Bureau 
reporting stations, we have the local stations along 
the airway between Hadley Field and Cleveland that 
report to us as often as is necessary for the particular 
flights we have in mind. This service is furnished by 
the airways division of the Department of Commerce. 
Thus, two different Governmental departments are 
furnishing us with weather service, telling us about the 
weather through which we have to fly, and we correlate 
these two services. 

One fact about the transatlantic flights of last sum- 
mer is not generally known. The ill-fated attempt of 
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Mr. Bertaud and Mr. Hill, who were former Air Mail 
pilots and my associates, was made to demonstrate that 
it is not necessary to wait for favorable weather to 
fly. The pilots did not wait for good weather. We 
have learned that, with the proper instruments, it is 
possible to fly through any kind of weather, aside from 
a freezing rain or mist that forms ice on the airplane. 
But it is impossible to land unless a safe landing-place 
can be seen. These men planned their flight to demon- 
state that one could say, “We are going to start at 9 
a.m. on Tuesday of next week,” and start. Their air- 
plane was loaded so heavily that they needed a 20-mile 
wind to enable them to get off the ground. They waited 
a long time for that wind, but engine failure ended 
their flight disastrously. 

We have learned in the flying we have to do in the 
Air Mail Service that weather where we are is not of 
interest to us. We are interested in the probable 
weather condition at our destination 4 hr. later. This 
is why we are anxious to have these weather charts 
from the Weather Bureau and the reports from the 
Department of Commerce. 

L. R. PALMER':—What success do you expect with 
the radio beacon that is being installed at Bellefonte, 
Pa.? 

Mr. SMITH:—We expect to experiment with it as 
soon as possible. We have been operating only since 
Sept. 1 and our equipment is not yet up to the standard 
we need for ordinary flying. The Air Mail Service had 
one or two airplanes equipped to work with the radio 
beacon but did not carry the tests very far. We plan 
to go as far as necessary along this line as soon as the 
equipment has been installed on our airplanes and is 
ready for use. 

Mr. Fisk:—The radio beacon at Bellefonte has been 
used by the Army pilots in airplanes and is proving 
very satisfactory. The Radio Corporation of America 
is cooperating in developing that beacon. 


SAFETY COUNCIL INTERESTED IN SAFE FLYING 


Mr. PALMER:—I may say, as a member of the avia- 
tion committee of the National Safety Council, that 
the committee is interested in any improvements that 
will make flying safer. We have had some disturbing 
months this last summer so far as strict safety is con- 
cerned, but we have been loyal to the new industry 
that is being established, and our criticism, if we should 
make any, would be constructive. To establish our 
safety work on a constructive basis, we persuaded 
Harry Guggenheim to present, at our congress in Chi- 
cago, a paper which was distributed throughout the 
Country. This was accompanied by a resolution from 
the National Safety Council supporting, in every way, 
the men in this new industry. We have records of the 
fatalities, but we also have the knowledge that in all 
new industries the pioneers must pay the price. It is 
gratifying to us to note the remarkable reduction in 
the fatality rate under the careful supervision that is 
now being given. In one year 20 pilots were killed. 
In 1926, under Governmental flying, only two were lost 
in the Air Mail Service. The report that is coming out 
from the Department of Commerce indicates a splendid 





7 Past president, National Safety Council, New York City. 

§M.S.A.E.—Assistant Secretary of the Navy for Aeronautics, 
Navy Department, City of Washington. 

® Instrument section, Westinghouse Electric & Mfg. Co., Newark, 
N. J. 
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reduction in the fatality rate. The National Safety 
Council is pledged to support the Department in any 
way it can. 

Regarding the radio beacon, I flew from Los Angeles 
to Salt Lake City and I know that the splendid pilots 
on the Western Air Express are much interested in the 
development of that service. I flew from Portland to 
Seattle in a Fokker Universal. The stations are radio- 
equipped and I understand, the airplanes are now being 
radio-equipped. Anything that can be done to speed up 
the installation of practical equipment along this line 
will be praised by safety men. 

EDWARD P WARNER’ :—At the Aeronautic Meeting in 
Philadelphia in 1926, Mr. Smith gave us a valuable 
description of the methods of flying that he and his 
associates were using over the eastern section of the 
Transcontinental Airway. It was an evidence that 
blind flying by dead reckoning and observation of land- 
marks by day and by night was being pushed to the 
limit of possibility, and I assume beyond anything that 
has been attained anywhere else in the world. It would 
be of great interest if Mr. Smith would say anything, 
not so much about the prospect of radio and astronomi- 
cal avigation or any other auxiliary method of aviga- 
tion, but about what he regards as the necessary speci- 
fications to be met to supplement with advantage the 
procedure that is now being employed on the commer- 
cial airways. 

AIDS NEEDED FOR ALL-WEATHER FLYING 

Mr. SMITH :—The things we need are not many. The 
radio beacon is supposed to give a line of direction on 
which we can stay when flying and that will enable us 
to correct for drift. That, I think, is as far as we can 
expect the development of the radio beacon to go. In 
addition, we need something to improve the condition 
of landing when there is no visibility. It is possible 
to land at night through a ground fog if the lights show 
through it, but we need something better than lights 
where the fog may be 5000 or 10,000 ft. thick; for in- 
stance, a cable stretched around the field or at angles 
to the field that will transmit a signal which can be 
picked up by the radio equipment in the airplane. We 
also need an altimeter that will register exactly the 
height of the airplane above the ground. Our present 
instruments depend on the change of atmospheric pres- 
sure with altitude. They do not register the altitude 
except over the starting point or the destination if 
the barometric reading of that point is know before 
starting and the instrument is set for it. An altimeter 
that would tell exactly how high the airplane is above 
the ground at any moment would be of great assistance, 
especially in trying to land through a fog where nothing 
is visible. 

R. W. A. BREWER:—Can you obtain any height 
reckoning from the reflection of sound? You mentioned 
something in Philadelphia about it. 

Mr. SMITH:—Unfortunately, the engine and the 
wires, the propeller and other things on the airplane 
make so much noise that the pilot cannot hear any 
sound outside unless it is a clap of thunder or some- 
thing on that order. 

R. T. PIERCE’:—Weight plays a very important part 
in the selection and design of equipment used for air- 
plane service. Often, however, it seems that quality 
and other things are sacrified to save a little weight. 
The galvanometer used with the earth-inductor com- 
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pass is an example of this. Our experience has been 
that light-weight elements in small cases, with the 
pointer and other parts of the moving system relatively 
short, tend to pick up vibration from the rest of the 
airplane, since their natural period of vibration is 
rather high. Sometimes the oscillation set up in the 
instrument pointers by these vibrations makes them 
inoperative or gives false readings. If it were per- 





mitted to use a slightly heavier movement, distributing 
the extra weight in the length of the pointer, so that 
the natural period of vibration would be lower, a more 
stable instrument probably would result. This would 
mean that the other parts also would be slightly heavier 
and that the instrument would take up more space on 
the dash. However, if this were permitted, the instru- 
ment would be more reliable. 





Effect of Pressure on Ojiliness 


. ore people of this Country pay about $650,000,000 a year 
for lubricants. They also pay a bill which probably 
amounts to several times this amount each year for wear 
and tear resulting from the use of improper or insufficient 
lubricants on valuable machinery. The compounding of 
lubricants from the many different mineral, animal, and 
vegetable oils available has been largely empirical, guided 
by a knowledge of the desirable viscosity or body of the 
oil for a given condition and the effects of temperature on 
the oil. There has still remained an indefinite factor which 
differentiated certain oils as better lubricants than others. 
This factor has been termed “oiliness,” but until recently 
the reason for this superior performance of certain types 
of oils has been a complete mystery and the relative value of 
the various oils has been much disputed. 

At the lubrication session of the American Society of Me- 
chanical Engineers last December, there was brought for- 
ward the result of certain researches that appear to have 
solved the problem of “oiliness.” It was shown that the 
viscosity or body of various oils changes with pressure in a 
very interesting way. Those oils that are generally re- 
garded as the best lubricants stiffen rapidly when pressure 
is applied to them. A number of the vegetable oils, includ- 
ing castor-oil, have the required increase in viscosity at low 
pressures, but at somewhat higher pressures they cease 
to show the characteristics of good lubricants. In fact, 


certain oils, notably the best so-called “cutting oils,” are 
able to freeze solid, due to the application of pressure, even 
at temperatures many degrees above their normal freezing 
points. Indications are that this freezing as a result of 
pressure takes place even when these oils are mixed with 
non-freezing oils such as the mineral oils, and this accounts 
for the efficacy of the so-called “mineral-lard” oil combina- 
tions. On this particular phase of the subject, however, 
there is no conclusive information as yet. 

The technical data so far obtained show the wide varia- 
tion in behavior of certain typical oils. The additional data 
necessary before complete results of commercial importance 
will be at hand, will probably be obtained in the near fu- 
ture, although the completion of the work is temporarily 
checked by lack of funds. We may confidently expect, 
however, that within a few years at most there will be a 
marked change in the methods of compounding lubricants 
and in the effectiveness of the products, especially in those 
fields where heavy loads and high temperatures are encoun- 
tered. The better insight into the field of cutting oils will 
doubtless make both cheaper and better lubricants for this 
service. And in the field of machine operations, thousands 
of horsepower will be saved and higher speeds realized as 
the result of intelligent understanding of the characteristics 
of various oils on which their “oiliness” depends.—Industrial 
Bulletin of Arthur D. Little, Inc. 


Refiners Should Play Ball with S.A.E. 


\ ORE and more refiners are falling in with the recom- 
4 mendations of the Society of Automotive Engineers 
that motor oils be labeled with the appropriate S.A.E. 
Viscosity Number as well as the brand name. 

The S.A.E. system consists of a series of six numbers, 
each designating viscosity range within fairly close limits. 
For heavy oils, the viscosity indicated is that at 210 deg. 
fahr.; with lighter oils at 130 deg. fahr. 

The system represents the attempt of automotive engi- 
neers to get a closer approach to uniformity in motor-oil 
viscosity than is possible with the arbitrary designations 
of light, medium, heavy and so forth. 

We think this is a good thing. Cooperation between 
the automobile engineers and the technologists who manu- 
facture the oil to lubricate the cars should work to the 
benefit of everybody concerned. 

Some refiners still are holding out against recognition 
of the S.A.E. Viscosity Numbers. It is hard to see how 
printing or stenciling on can-label or barrel-head the leg- 
end S.A.E No. 50, for instance, in addition to the manu- 
facturer’s brand name, could detract from the individuality 
of the brand. 

It would seem that the S.A.E. specifications are reason- 


able, that they allow a rational tolerance, that they are 
not hard for refiners to meet. Some of the cars being 
turned out today offer a serious lubrication problem. 
These are the cars built and widely advertised for their 
ability to travel at very high speeds. At best, the life of 
such cars, if they are actually driven fast most of the 
time, is much shorter than that of slower-driven cars. 
Failure of lubrication in such cars is simply disastrous. 

These cars are expensive and their buyers are mostly 
men who expect perfect performance for their investment 
and who kick strenuously if they do not get it. The auto- 
mobile manufacturers cannot afford to displease such cus- 
tomers, so they specify carefully the oil that is likely to 
give most satisfactory service in high-speed, expensive 
cars. This was the main reason for the formulation of 
the S.A.E. specifications by the automobile engineers. 

As the high-speed cars become more numerous and the 
lubrication problems more severe, it may be that the auto- 
mobile manufacturers will be driven in self-defence to urge 
buyers of their cars to use certain oils, by name, which 
comply with the S.A.E. recommendations. This would be 
embarrassing and unpleasant for everybody concerned.— 

Editorial in National Petroleum News. 
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The Production Engineer’s ‘Task 


By Cuarves B. Expanu! 
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ASS production and commercial competition have 
combined to lend great importance to modifications 

of motor-vehicle design and so have developed new 
types of engineers known as tool engineers and pro- 
duction engineers, who take the ideals of automotive 
engineers and convert them into practicalities, so that 
the design becomes an ideal manufacturing project 
that makes it possible to produce a car economically. 
Special tools are required for many of the machin- 
ing operations, and for the designing of these the 
more intelligent and skilled of the workmen are de- 
veloped into tool-makers for the making of fixtures, 


HE tremendous growth in automotive production 
during the last 20 years has given birth to prob- 
lems in automotive design that were not even 
thought of in the early days of the industry. In those 
days the engineer gave no thought to any manufactur- 
ing problems that might be involved in actually pro- 
ducing the car which he laid out on the drawing-board 





1M.S.A.E.—Chief tool engineer, Pierce-Arrow Motor Car Co., 
Buffalo. 
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Fig. 1—FIXTURE FOR CUTTING ANNULAR OIL-GROOVE IN 
CONNECTING-RoD CRANK-END BEARING 


This Tool Is Used Under a Drill-Press. The Shank a Is Held in 

the Spindle and the Tool Is Brought Down Against the Stop b. 

With the Setting Downward of Rod c, the Cutting-Tool d Is Forced 

Radially Outward and Cuts the Ring Groove. When Shank a Is 

Raised, Springs Force the Cutting-Tool d Out of the Groove and 
the Tool Is Ready To Receive Another Bearing 
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jigs, dies, gages, cutters, and punches. Gradually 
the better tool-makers became tool designers and 
transferred their work from the bench to the draw- 
ing-board, becoming twin brothers of the automotive 
engineer. Of late, the designing and building of 
special equipment and allied work have entered into 
the duties of the tool designer. 

The author describes some of the tool engineer’s 
duties and responsibilities, indicates by a table the 
magnitude of the machine equipment of a modern 
automobile plant, and illustrates some of the special 
machines and processes. 
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Fic. 2—NOVEL CLAMPING METHOD USED IN JIG FOR REAM- 
ING VALVE-LIFTER GUIDES 


so deftly. 
would run. 

It is one thing to design a car that is ideal so far 
as performance and beauty are concerned; but it is 
quite another problem to design the car so that it 
represents an ideal manufacturing project. By this I 
mean a car that can be built economically. 

The very important task of influencing modifications 
of design to make possible more economical production 
has developed new types of engineers, known as pro- 
duction and tool engineers. With no intent to disparage 
the great achievements of automobile engineers, I may 
say that these production and tool engineers take the 
ideals of automotive engineers and convert them into 
practicalities. 


His chief concern was to design a car that 
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SOME OF THE PIERCE-ARROW EQUIPMENT FOR MACHINING CYLINDER-BLOCKS AND CRANKCASES 


Fig. 3—Fixture for Inspecting and Work-Spotting Crankcases. 
This Determines Whether There is Sufficient Stock at All Points 
To Enable the Crankcase To Be Machined to Specifications. It 
also Drills and Faces Accurately for Work-Spots To Be Used for 
Locating Purposes through the Succeeding Milling Operations. 

Fig. 4—Honing Bores with a Barnes Cylinder-Honing Machine 
Equipped with Hutto Grinder. Stroke of the Hone Is Controlled 
Hydraulically. Roundness and Smoothness of the Cylinder-Wall 
Can Be Held within 0.005 In. 

Fig. 5—Milling Fight Cylinder-Blocks Simultaneously in a Newton 
Milling-Machine, One-Half of Which Is Seen in the Foreground. 
The Machine Has Two Rough and Two Finish Cutters, Two of 
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Which Are on the Reverse Side. The Four Surfaces of a Cylinder- 
Block Are Milled in 15 Min. 

Fig. 6—Drilling Holes Three Ways in a Crankcase. This Is a 
Standard Baush Machine Equipped with Special Cluster-Plates and 
55 Drills. 

Fig. 7—Milling Top of a Crankcase with a 32-In. Cutter. 
Machine-Tool Builders Asserted a Few Years Ago That It Was 
Impossible To Use a Cutter of This Size, but Pierce-Arrow Is 
Employing It Successfully. 

Fig. 8—Cylinder-Block Facing Machine Designed by Pierce- 
Arrow Company. This Special Machine Was Designed To Reach 
the Remote Locations of the Cylinder Hold-Down Studs. 
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Much that has been said regarding loss of mechanical 
skill should be modified, because the volume of manu- 
facturing required by mass production, forced by the 
great consumption, could not be accomplished by the 
number of skilled workmen available now or in former 
years. Instead of centering our hopes and efforts in 
the training of additional forces of skilled mechanics, 
which would require one or more generations, we have 
accepted conditions as they were and segregated the 
more intelligent and skilled workmen from the un- 
skilled workmen. We make use of the brains and skill 
of the better qualified mechanic to provide the ordinary 
workmen with superior equipment to be used by them 
as a substitute for the skill they lack. Tool-makers 
have been developed from the class of skilled mechanics, 
and their product is known as tools. 

The term “tools” should not be thought of as em- 
bracing hammers, wrenches, chisels and files, but, 
rather, intricate apparatus called fixtures, jigs, gages, 
cutters, punches, and dies. 

The extent of the use of these special tools is not 
fully known to many, I believe, except those who are 
specifically acquainted with them. The absolute need 
of special tools became evident when mass production 
of articles of high quality was required, as for instance, 
fire-arms, sewing-machines, typewriters, bicycles and, 
later, electrical apparatus, automobiles and aircraft. 


DEVELOPMENT OF THE TOOL ENGINEER . 


Gradually from the tool-maker developed the tool de- 
signer, mainly from the best of the tool-makers, from 
those who excelled in their ability to invent and con- 
struct. His work was no longer done at the bench, but 
at the drawing-board, and thus the tool designer be- 
came the twin brother of the automotive engineer. 
While the latter’s duty is the engineering of the design 
of the automobile, the tool designer’s task and responsi- 
bility lie in the engineering of ways and means to 
produce the parts of the automobile, and not only to 
produce them, but to produce them quickly, accurately 
and economically. 
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Of late, the designing and building of special ma- 
chinery, equipment, means of transportation, layout of 
factories, rotation of work and sequence of operations 
have gradually entered into the duties of the tool en- 
gineer, who more often is properly called the production 
engineer. 

Creation takes time. After six months or more of 
designing, secretive experimental work, and many mys- 
terious trips to all points of the compass, the automo- 
tive engineer produces his completed design, and the 
management O.K.’s it for production. Then the usual 
troubles begin for the production and purchasing di- 
visions, the machine-tool builders and the tool manu- 
facturers. At this stage the sources of supply have 
to be established, sequence of operations determined, 
supply of small tools, machine-tools, special machines, 
layouts of machine and conveying systems provided, 
and floor space determined and apportioned. Most im- 
portant of all is the designing of special tools. 

In designing new special tools, the tool engineer 
clings to the principles that have been successful in 
the past. He also embodies new ideas that have been 
developed and stored in his mind as a result of experi- 
ence since the last set of tools was put into use. He 
must ever adjust himself to advancements in machine- 
tool building, he must cope with the introduction of 
new material, and his designing must keep pace with 
the general onward march. 

Some conception of the magnitude and difficulties of 
his task can be gained from a few examples of special 
machine-tools and fixtures in use by the company with 
which I am connected, as shown in the accompanying 
drawings and photographs, Figs. 1 to 9, with their ex- 
planatory captions. 


DIFFICULTY OF ESTIMATING TOOL-EQUIPMENT COST 


As evidence of my assertion that the extent to which 
special tools are used for automobile parts is rarely 
realized, the following list indicates the difficulty of 
estimating the total cost of a tool equipment needed for 
the production of the component, or even the individual, 
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Fic. 9—HARDENING AND EXPANDING STARTER RING-GEARS 


The Engine-Starter Ring-Gears Are Hardened in the Machine 
at the Left, in Which the Gear Is Driven by a Geneva Motion 
Operated by a Chain from a Variable-Speed Motor. The Motion 
Is Adjusted To Allow a Gas Flame To Heat about One-Quarter 
Length of Gear Tooth for About 2% Sec. and Then Automatically 
Rotates the Ring To Lower the Heated Tooth into the Cooling 
Bath. This Hardens the Teeth about \% In. Deep. The Time per 
Gear Is 4% Min. and the Material Is S.A.E. Steel No. 1045. When 
the Ring Is To Be Applied to the Flywheel, It Is Expanded in the 


Electric Heater Shown at the Right, Then Placed Over the Fly- 
wheel on a Plate Holding-Fixture and Cooled Under Jets of 
Water, Shrinking It in Place. This Heater Is Hinged at the 
Lower Right So That the Upper Right Half Can Be Thrown Back 
for Insertion and Removal of the Gears. The Coil in the Machine 
Acts as a Primary Winding and the Ring-Gear as a Secondary 
Winding. The Gear Is Held Between the Contacts about % Min., 
and Is Heated to from 400 to 450 Deg. Fahr., Which Expands It 
about 0.030 In. The Shrink-Fit Allowance Is 0.018 In. 
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THE PRODUCTION ENGINEER’S TASK 677 
NUMBERS OF TOOLS USED FOR WORK ON CYLINDER-BLOCK OF SERIES-81 CAR 
Permanent Tools Perishable Tools Number of Machines 

Milling Fixtures 8 Gages 22 Continuous Rotary Mill 1 
Drill Jigs 10 Milling-Cutters 4 Multiple Drills—12 Spindle 4 
Tapping Fixtures 4 Drills 154 Multiple Drills—39 Spindle 3 
Cylinder Boring Bars 18 Reamers 90 Multiple Drills—21 Spindle 1 
Spindle Heads 3 Taps 106 Multiple Drills—22 Spindle 2 
Cluster Plates 5 Spot Facers 24 Cylinder Borer—6 Spindle 3 
Honing Fixtures 2 Special Wrenches 7 Drill Press—Single Spindle 4 
Grinding Fixtures 5 Cutter Blades 148 Drill Press—Radial 1 
Miscellaneous Tools 41 — Facing Machine 1 
Total 555 Cylinder Grinders 5 

Total 96 Honing Machines 2 

Power Press 1 

Layout Drawings 7 Valve Grinder—12 Spindle 1 
Tool Drawings 110 — 
Total 29 





parts of a car. Small tools, such as cutters, drills, 
and reamers, generally are designed along old estab- 
lished lines. Much equipment of the sort shown in the 
center column can be procured from stock, but the items 
of the first column require separate consideration, as a 
slight change in the design of any one of the several 
parts may require an entirely different type of jig or 
fixture. 

These jigs and fixtures must be made to a tool draw- 
ing which must be self-explanatory to the tool-maker, as 
the foreman cannot be expected to study the drawing 
and answer questions asked by his men. Further, much 
of this work is sent, of necessity, to outside tool-making 
concerns. Although it is customary for an automobile 
plant to maintain a toolroom, not only for the making 
of new tools, but particularly for the purpose of keep- 
ing existing tools in condition, it would be most unex- 
pected for it to keep a large toolroom manned and 
equipped to handle a large volume of tool work quickly 
and periodically. 

In the last column of the table are shown a number 
of special machines which are built by a small number 
of machine builders whose experience is to their credit 
and to the advantage of the automobile manufacturer. 
These machines are not specially built in their entirety, 


but must be modified for each automobile manufacturer. 
As the factor of time of delivery is of foremost impor- 
tance, it often becomes necessary for the tool engineer 
to change his intentions regarding certain types of 
machine. In the selection of special machinery he must 
give consideration to the probable necessity of re- 
equipping in the future, and avoid purchasing machines 
that may become a total waste in event of a change in 
the design of the part on the production of which the 
machines are to be used. 

I wish to call particular attention to the fact that, 
unlike the automotive engineer, the tool engineer is not 
afforded an opportunity to experiment or try out his 
work. For this reason he must be fully acquainted with 
manufacturing methods, tool-making, and machine 
building. His training is not so much by academic 
methods as by practical experience, and he is, for the 
most part, recruited from the ranks of mechanics. As 
all education is based on experience, whether obtained 
from books, schools or through observation, the en- 
gineers of both branches referred to are brothers in 
effect. It is to their mutual advantage and to the benefit 
of the manufacturer for them to regard themselves as 
such. There should be no contention among them, ex- 
cept the striving of individuals to excel. 


THE DISCUSSION 


FLoYD LOWELL’—The machine-tool business has pro- 
gressed more in the last 10 years, I believe, than it did 
in all the time previous to that period. We appreciate 
that the manufacturer has a problem, and, for this 
reason, the machine-tool builder is cooperating with 
the tool engineer in every way possible. In the last few 
years machines with anti-friction bearings have been 
developed. This was thought impossible a few years 
ago. The same is true of grinders. All of this has a 
tendency to increase production and cut down costs. 

The outstanding machine-tool today is the centerless 
grinder, which I believe the automotive engineer should 
keep in mind when designing. While it is possible to 
do many things with this machine, once in a while the 
automotive engineer will put a wart on a part which 
will prevent it from going through the grinder. It may 
interest you to know that balls are being ground today 
on the centerless grinder, and the use of this machine 


? Buffalo representative, Cincinnati Grinders, Inc., Buffalo. 


in the ball industry alone will reduce floor space about 
75 per cent and give greater production. The machines 
are also grinding roller-bearings and doing taper work. 
We are taking a fiber square and grinding it round. Be- 
fore the introduction of the centerless grinder, these 
fiber bars were put through a type of doweling machine. 
As fiber is very abrasive, it was a costly job. One plant 
is grinding this fiber at the rate of 70 ft. per min. 
Pistons are ground at the rate of about 175 per hr., 
the grinder removing about 0.005 in. 


WHyY Toot WorK Is SENT OUT 


QUESTION :—What is the reason for sending so much 
tool and die work outside when you have equipment of 
your own to do the work? 

CHARLES B. EKDAHL:—It is a question of additional 
overhead, time and capacity. The usual automobile 
plant has a toolroom that is run normally; the plant 
cannot maintain a force large enough to take care of all 
the tooling required when a new model is about to be 
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produced. The toolroom in most plants is merely a 
maintenance division. 

HANS BUERK’*’:—Tool-making, like many branches of 
the automobile business, has become a specialty. Auto- 
mobile companies do not make their own springs, bodies, 
wheels and other parts. Why should they make tools? 
This is true, not only in automobile factories, but in 
other industries. I agree with Mr. Ekdahl that it would 
be very costly for the automobile manufacturer to main- 
tain a toolroom large enough to take care of his work. 
It is a problem merely to get the men on short notice. 
By the time he could get the men, the period for the 
work would be past. Typewriter companies have tool- 
rooms only for maintenance work. Suppose a manufac- 
turer of adding machines has designs for a new 
machine. Probably $500,000 worth of tools will be re- 
quired. He would have no chance whatever to manu- 
facture those tools in his own shop, so he is forced to 
send this work-out. Then it is a question whether out- 
side tool-makers can design tools that are satisfactory. 
This is where the tool engineer comes in. He must 
make drawings that can be read by everyone in the busi- 
ness. The man in the tool factory does not know the 
peculiarities of the adding-machine factory, nor has he 
the experience that is back of that concern. If a plant 


®’ Tool manufacturer, Buffalo. 
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wants to have good tools made, it should be careful 
to send the tool-maker good drawings. 

I want to call attention to the efficiency that, of neces- 
sity, grows in a tool shop. A great variety of work 
goes through a jobbing tool-maker’s hands, and he col- 
lects valuable experience that the tool foreman in a 
factory never gets, because the foreman is not in touch 
with the outside world; so the outside tool-maker is 
more uptodate. Our tool-makers do very accurate 
work. I know a typewriter manufacturer who sends his 
work out because he feels that his men cannot make the 
tools accurately enough. I know that the practice of 
making tools outside will grow, because it is based on 
common sense and, moreover, it is a necessity. 

QUESTION :—What does Mr. Ekdahl regard as the 
average life of some of these tools? Do they become 
obsolete from heavy use, or from a change in design? 

Mr. EKDAHL:—The life of a machine-tool is deter- 
mined by the production. For instance, the life of the 
multiple drill should be about 10 years if the drill is 
taken care of properly. The life of jigs and fixtures de- 
pends on keeping them in repair. That of cutting-tools 
is governed mainly by the amount of use given them 
and the speed at which they are run. Some factories 
regrind their tools at night, to have them ready again 
in the morning. 


Distribution Undergoing Transition 


RODUCTION has grown so rapidly that it is flooding 

the old channels by which goods found their way from 
producer to consumer, resulting in the most relentless and, 
in many cases, the most destructive competition business 
has ever known. While the costs of manufacturing have 
been reduced, the costs of distributing products threatens 
to offset these economies. Business is beginning to realize 
that it is spending too much in selling what it has made. 

Distribution is in a transition stage today. There was a 
time, not so long ago, when distribution followed the direct 
route: manufacturer to wholesaler, wholesaler to retailer, 
retailer to consumer. Competition was between dealers en- 
gaged in the same kind of business and laws were passed 
to prevent the formation of “trusts.” We have outgrown 
all this, or most of it, and today we have the super-asso- 
ciation for the purpose of mutual benefit through studies of 
economies and better merchandising practices. Methods of 
distribution of immense importance and wholly different 
from other methods are appearing with almost the rapidity 


of mushrooms, but with the sturdy and substantial nature 
of the oak. 

There is still another tendency which must be contem- 
plated in considering the basic facts in distribution: Whole- 
salers are becoming manufacturers; retailers are combining 
successfully to perform the wholesale function for them- 
selves; and wholesalers are becoming not only manufac- 
turers but are establishing their own chains of retail stores. 
Department stores are forming into chains; and, undoubt- 
edly, there are other instances of change which will excite 
our amazement when they are recognized. Much of this is 
due to the need for wider and greater distribution brought 
about by the increased productive facilities which were born 
of the demands for military supplies during the war. 
While- our population has grown, it has not been able to 
assimilate the entire output: of our factories, as a conse- 
quence of which there has been immense effort to discover 
new methods of sale-—From an address by Alvin E. Dodd 
before the Ohio Petroleum Marketers’ Association. 


Airplane Speed 


LTHOUGH the present average speed of the airplane 
4 has been given as 90 m.p.h., the possibilities for the 
future are beyond safe prediction. Even while we are dis- 
cussing this subject here, the speed is being increased an 
additional 30 m.p.h. for commercial work. Within the next 
few months an air passenger-service will be inaugurated 
between Los Angeles and San Francisco, and the cruising 
speed of the airplanes will be 120 m.p.h. 
As you all know, man has already flown at a speed of 
over 300 m.p.h. Although it seems fantastic to us to con- 
ceive of traveling commercially at that speed today, never- 


theless the history of the past and especially the history 
of aviation is evidence that the fantastic of today becomes 
the commonplace of tomorrow. The training plane that I 
flew in 1916 had a maximum speed of about 65 m.p.h., and 
at that time the speed of 120 m.p.h. seemed just as much 
beyond the realm of possibility for commercial purposes 
as 300 m.p.h. today. 

In traveling at high speed in the air, one point which 
those who have never flown have great difficulty in appre- 
ciating is the absolute unconsciousness of speed.—Harry F. 
Guggenheim before New York Railroad Club. 
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Trends in Body Design 


By Hermann A. Brunn! 








Detroit SECTION PAPER 





have been wrestling with it for several weeks and 

have failed to put it on its back. Of the many 
ways of designing bodies, I have discovered that two are 
very important; one is to design a very beautiful out- 
line and then to attempt to lay out the seating arrange- 
ment; the other, which I think is preferable, is to lay 
out the seating arrangement first, being sure to provide 


T= trend of body design is a large subject. I 


Illustrated with PHoroGraPrus 





artistic side of his job enough attention. Consequently, 
the appearance of the completed vehicle was not very 
pleasing. It was too high. What happened? The auto- 
mobile manufacturer got after the body builder hammer 
and tongs to make the body lower, to keep the roof down, 
and to put the floor down between the side frames. 
But he was attacking the problem in the wrong place. 
Head-room and visibility suffered through this effort. 


adequate room for all the pas-. 
sengers and for their legs, arms 
and heads, and then surround 
it with an outline. Remember, 
there is no substitute for com- 
fort. 

A friend of mine commented 
recently on a body designed so 
that it was very difficult to get 
into the front seat and very 
uncomfortable after a person 
was seated. He said, “This 
must have been made for a 
cripple, or, if not, it will make 
cripples out of those who use 
x” 

You will laugh when I say 
it, but you cannot cut a piece 
off of the passenger. He wants 
to take his legs, arms, body, 
clothing and hat with him, and 
he may even want to carry 
some luggage. 

Many automobile bodies are 
so small that, when five grown 
people wearing overcoats and 
hats are in them, the automo- 
bile seems to disappear. All 


There is no _ substitute for 
comfort. 

Of what practical value is a 
car, be it ever so beautiful, if it 
is not usefulP One of the 
trends of body design certainly 
will be to make the passengers 
more comfortable. 

You cannot cut a piece off of 
the passenger. He wants to 
take his legs, arms, body, cloth- 
ing and hat with him, and may 
even want to carry some lug- 
gage. 

Many automobile bodies are 
so small that, when five grown 
people wearing overcoats and 
hats are in them, the automobile 
seems to disappear. All one 
can see is the passengers, who 
appear to be spilling out. 

These and other gems appear 
in Mr. Brunn’s paper, which 
possesses high inspirational as 
well as practical value. 


The body is made for the 
purpose of carrying human be- 
ings, no matter what is the 
height of the chassis from the 
ground. The passenger wants 
good visibility, which cannot 
be attained if the roof is too 
low. I was in a car recently 
with five persons. The instru- 
ment-board seemed to be right 
in my lap. The car had huge 
pillars and a raof so low that 
I could not see out. It was de- 
pressing. I had ridden in other 
ears that had good visibility 
and plenty of head-room, in 
which it was much more pleas- 
ant to ride. Now that the 
chassis has been lowered, I do 
not see why we should not 
stand out for enough head- 
room, and enough length and 
width, and for small pillars. 

Some of the recent styles in 
body design of the company 
with which I am connected are 
shown in the accompanying il- 
lustrations. Fig. 1 shows a 


one can see is the passengers, 
who appear to be spilling out. 
They seem to be on it, rather 
than in it. Of what practical 
value is a car, be it ever so beautiful, if it is not useful? 
One of the trends certainly will be to make the pas- 
sengers more comfortable. I do not see how it is possi- 
ble to continue body designing without paying more 
attention to this feature. 

Why do body designers copy one another’s designs so 
slavishly? If each could give his car distinction it 
would be much better than to do as has been done with a 
car brought out a year ago. So many cars like it are 
now on the streets that it seems as if I see them every- 
where. 

A few years ago the chassis was too high from the 
ground. The chassis builder did not seem to give the 


1M S.A.E.—President, Brunn & Co., Inc., Buffalo. 
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five-passenger sedan, Fig. 2 our 
all - weather semi - collapsible 
cabriolet, Fig. 3 our five-pas- 
senger sedan-landaulet, and 
Fig. 4 our sport convertible-phaeton, which will be de- 
scribed later. The view in Fig. 5 represents the all- 
weather town brougham. The rear of the all-weather 
semi-collapsible cabriolet shown in Fig. 2 is illustrated 
in Fig. 6, and the rear seat of the all-weather town 
brougham in Fig. 5 is shown in Fig. 7. 


SIMPLIFIED DESIGNS HOLD FAvor LONGER 


The exteriors of bodies can be simplified considerably. 
Fewer moldings can be used. Making a good outline on 
a drafting-board is only the inception of the design. 
The outline may be very pleasing but the side-sweep and 
turn-under may be very ugly; consequently, the body is 
not attractive. With a good outline and with care and 
attention given to shaping the side-sweep and the turn- 
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under, the appearance is satisfactory from almost any 
point of view. 

Another reason for simplifying the design is that it 
becomes a more lasting one. Many have had the experi- 
ence of purchasing something that seemed to be very 
attractive but which soon made the purchaser wonder 
why he bought it. In other instances, the purchase 
grew and grew in favor, as any splendid piece of crafts- 
manship does. Why should we not simplify design? 
We would not need to change designs so frequently. The 
more ornate the designs are, the sooner they pass out of 
the picture. 

The chassis maker should pay more attention to hid- 
ing the anatomy of the chassis, especially in the rear. 
Many makers are now doing this. More attention is 
paid to it in Europe, and we all should take more inter- 
est in the front and the rear of the chassis. An ex- 
ample of clean-looking rear-end design is shown in 
Fig. 6. 

I am a firm believer in making the windshield pillars 
and other pillars just as small as is consistent with 
strength. Increased visibility makes for greater safety 
in driving, and a feeling of satisfaction and pleasure is 
given by a car that has plenty of head-room and good 
visibility which cannot be given by a small, narrow, 
cramped vehicle. A good example of small windshield- 
pillar construction is shown in Fig. 1. The pillar is 
one of the smallest ever made; it presents only a 2-in. 
obstruction to the driver’s vision. 

The fixed windshield-visor has outlived its usefulness. 
We cannot continue much longer to expect the driver 
to stoop and twist his neck to see underneath a solid 
visor. Visors should be made of a neutralized glass 
that protects the driver and which can be adjusted from 
the inside. I have seen some bodies lately which have 
no visors, only a curtain on the inside. 

Safety glass should be considered, not only for small 
cars but for large ones. Persons riding in inexpensive 
cars want protection as much as do those who buy 
expensive ones. Perhaps such glass would cost more, 
but I believe the public would pay for it. 


ADJUSTABLE SEATS AND FORM-FITTING UPHOLSTERY 


Adjustable seats, both front and rear, are bound to 
win their way in public favor. An unadjustable seat is 
at best a compromise. How can we make one per- 
manently fixed seat that will suit the passengers of 
various sizes? An adjustable seat assures a driver or a 
passenger, whether he be tall or short, lean or fat, a 
comfortable seat. It should be made so that he can 
adjust it while he is riding, because it is an added 
advantage to be able to shift the seat to change one’s 
position without stopping the car. I think this is ap- 
plicable to the rear seat also. To be able to tell a 
prospective purchaser that he can adjust the seats is 
a great selling point. It wins a smile immediately. 

Upholstery should be more form-fitting. Instead of 
having just a little flare, made up of almost straight 
lines at angles, the cushions and the backs should have 
a combination of convex curves, as, for example, in 
Fig. 7. Recently, I sat in a wonderful piece of furni- 
ture made in England. It had a curved cushion and a 
curved back which fitted my body perfectly. If a car 
seat is made more like the human form it will not be 
necessary to make it so soft. An idea seems to be 
prevalent that the cushion and the back of a seat should 
be made real soft; but it does not follow that mere 


softness will give a passenger a comfortable ride. The 
real test is, how he feels after he has ridden several 
hundred miles in it. In my experience, a seat that is 
fairly rigid is much more comfortable than a very soft 
one. Experiments could be made by using seats and 
backs of plastic clay, having men and women sit in such 
seats and taking impressions of their forms for pur- 
poses of seat designing. 

It will also be necessary to find new and novel ma- 
terials for the interiors of bodies. Good inside appear- 
ance helps wonderfully to sell cars, and more attention 
should be paid to it. Snake skins and lizard skins are 
now .being used in Europe to upholster bodies, and a 
number of body builders in America are experimenting 
with them. The skins are very durable and attractive. 


CONVERTIBLE BODIES COMING 


A tendency toward convertible bodies is evident. Peo- 
ple like to live out-of-doors nowadays; consequently, a 
closed body that can be opened will attract many pur- 
chasers. I am not very strongly in favor of a con- 
vertible body that is very long. The trend will be 
toward the more compact smaller types, which can carry 
four or five or even six persons. 

The convertible body shown in Fig. 4 was built for 
me last summer. The idea was to provide all the ad- 
vantages of an ordinary two or three-passenger con- 
vertible-coupé, with the added advantage of being able 
to carry two or even three extra passengers in close 
proximity to those on the front seat, under cover of the 
roof instead of being outside in an unprotected rumble 
seat. The rumble seat is an outgrowth of the rumble 
seat used on carriages. It was a servant’s seat. The 
owner could not with propriety ask a guest to ride there, 
and it seems inhospitable for an owner of an automobile 
to ask his guests to ride outside at the rear in an un- 
protected seat, especially at the high speed traveled by 
cars today. It is a seat exceedingly difficult to get into 
and out of, and I think it can never be made really 
comfortable. 

This convertible coupé has a door 39 in. wide, which 
makes possible the use of a comparatively small col- 
lapsible rear-quarter. The body is cut very low behind 
the door so that the top can fold compactly and natural- 
ly. In any convertible body, the shorter it is the fewer 
movable parts it will have, and this is desirable. The 
inside of the body is also very wide, 49 in. across the 
top of the front cushion. The front seat is divided, and 
both are of the sliding type and have tilting lazy-backs. 
Two folding seats are in the rear. As the combined 
width of the two front seats is 49 in., three people can 
be carried very comfortably in the front and two on the 
folding seats in the rear. I have carried six in the car. 
The windshield is 48 in. wide in the clear. 

The door is not wide simply because I wanted a 
large door. I would rather have made it smaller; but, 
when driving an ordinary two-passenger coupé, if the 
driver turns to the left to look out he looks right at a 
blank wall. In time he becomes accustomed to avoiding 
that and looks ahead through the window. But the 39- 
in. door has a pane of glass 27 in. wide, which provides 
better visibility and greater safety. When the top is 
down the wide glass extends back of the driver and 
gives much better protection than he would have other- 
wise. 

The top folds very easily. I have put the top down 
all alone in less than 60 sec., and have put it up in half 
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that time. It is only 61 in. in length, from the wind- 
shield to the end. The car has a chummy, companion- 
able effect when the passengers are in it. They are 
close together instead of some sitting in the rear in an 
unprotected seat. 

The fact that we made this collapsible top success- 
fully shows that, no matter how difficult it is to make a 
top for any other sort of 
body, it can be done to 
satisfy public demand. I 
believe that body engi- 
neers can solve this prob- 
lem of the convertible 
body and solve it success- 
fully. In the car de- 
scribed, we have supplied 
a trunk and_£ suitcase 
rack instead of the usual 
turtle deck in the rear; 
but the rear can be made 
in the conventional man- 
ner. 

Let us cherish our art 
above all others and strive 





TRENDS IN BODY DESIGN 681 


to raise its standard higher than ever before. Let us try 
to do our work so well that those who come after us will 
find it difficult to excel our achievements. For hundreds 
of years in European civilization, coach building was 
regarded as one of the highest forms of art. The coach 
was an outward indication of wealth and aristocracy. 
The finest artisans of the period were engaged in this 
industry, sometimes 
spending several years in 
building a single coach. 
The lines in these coaches 
were beautiful. In Hol- 
land there are carriages 
on the panels of which 
Rembrandt painted pic- 
tures. Up to the middle 
of the nineteenth century 
coach building flourished; 
but, with the coming of 
the steam railroads, con- 
ditions changed and its 
decadence began. 

” A few years ago another 
revolution in transporta- 





RECENT STYLES IN BODY DESIGN 


F1G. 1—FIVE-PASSENGER SEDAN 


Fig. 2—ALL-WEATHER SEMI-COLLAPSIBLE CABRIOLET 
Fig. 4—SPORT CONVERTIBLE-PHAETON 





Fic. 3—FIVE-PASSENGER SEDAN-LANDAULET 
Fic. 5—ALL-WEATHER TOWN BROUGHAM 
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tion occurred with the coming of the trackless automo- 
bile. For the first few years the great problem was to 





Fig. 6—ALL-WEATHER SEMI-COLLAPSIBLE CABRIOLET 


The Clean-Looking Rear Affords a Good Example of Hiding the 
Anatomy of a Chassis by Careful Designing. The View Repre- 
sents the Rear of the Car Shown in Fig. 2 





Fic. 7—REAR SEAT OF THE ALL-WEATHER TOWN BROUGHAM 
SHOWN IN Fic. 5 


make it go; now it seems to be our job to make it beau- 
tiful. Let us not always try to get something out of it; 
rather, let us try to put something of ourselves into it. 
Let us not think of it always in terms of money. Do not 
call the automobile business a game. Suppose we try, 
with all that is in us, to bring about a permanent revival 
of the centuries-old art of coach building. 


THE DISCUSSION 


CHAIRMAN WILLIAM N. Davis’:—I am in accord with 
Mr. Brunn’s views on the trends of body design. We 
are all working to improve automobile bodies and are 
searching for the formula by which we can make our 
work live through tomorrow, and through tomorrow’s 
tomorrow, as have the creations of the old masters. 
We can do so finally only by individualizing and by 
progressing from year to year until we produce the most 
comfortable, most practical, and most beautiful bodies 
our ingenuity can devise. And the trend of design, as 
I see it, is toward just that. 

QUESTION :—Can collapsible bodies be made silent and 
leak-proof? 

HERMANN A. BRUNN:—Yes, but not so easily as a 
body having a rigid top. The short collapsible body I 
described can be made rattle-proof and leak-proof. We 
have done it, and so have others. 

QUESTION :—How would you improve the appearance 
of the rear of an automobile? 

Mr. BRUNN :—I would install a guard connecting the 
side-members of the frame and eliminate everything 
possible to make the appearance neat and clean. The 
front of many cars is beautifully and smoothly made, 
but no attention has been given to cleaning up the rear. 
For instance, a long spout with an ugly cap on it may 
stick through to hold a tire rack or something else. 
The guard I mention should drop as low as possible. 
The lower it is, the closer it will appear to be to the 
ground. Viewed from the rear, a car without a guard 
looks very light-waisted. 





“M.S.A.E.—Body engineer, Cadillac Motor Car Co., Detroit. 


QUESTION :—Will the fabric body supersede the metal 
body? 

Mr. BRUNN :—Painting is now done so quickly and so 
well with pyroxylin enamels, and repairs can be effected 
so quickly, that I think the fabric body has no chance 
with the American public. Another reason is that, 
supposing a body is covered with a light-colored fabric 
and delivered now, and that a year from now an accident 
necessitates a repair, it may not be possible to buy a 
piece of that same fabric. Even if the piece were cut 
from the same goods, the repaired part would not look 
like the rest of the body. 

QUESTION :—Is a transparent roof practicable? 

Mr. BRUNN:—I have seen them in Europe. Glass 
must be used elsewhere in the car and I know of no 
objection to using glass in the roof if it is desired. 
I believe, however, that it would have no very extensive 
use in America. It would add to the danger unless 
safety glass were used. 

QUESTION :—What projected width of the front pillar 
do you believe is practical? 

Mr. BRUNN :—If the pillar is made of brass or bronze 
it can be made very small and still be strong, and the 
door pillars can be made very small. We have made 
some pillars of brass that obstruct probably only %4 in. 
of the visibility. 

QUESTION :—Do you not believe that all bodies of the 
future will have curved or concave windshields? 

Mr. BRUNN:—No. Designs change, and they could 
not be changed so frequently with a vertically or hori- 
zontally curved windshield. 
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SPACE AVAILABLE FOR THE BODY 


QUESTION :—What changes in allocation of chassis 
parts would be most conducive to increasing comfort 
and to securing better appearance? 

Mr. BRUNN :—I do not care so much about changes in 
the allocation of parts on the chassis, provided there 
is distance enough from the steering-wheel to the rear. 
It is not the wheelbase that enters into a body-builder’s 
problems so much. One car may have a 145-in. wheel- 
base on which one cannot build so good a body as on 
another chassis that has only a 136-in. wheelbase, be- 
cause so much of the chassis of the former is occupied 
by the powerplant and steering-wheel that little space 
is left for the body. We generally begin to design from 
the steering-wheel and work back. If we have not 
enough length from the steering-wheel it makes no dif- 
ference what the wheelbase is or how long the front is. 

The pedals should be as close to the floor as it is 
possible to operate them successfully. On some cars 
in which the pedals projected so far into the car that 


QUESTION :—Will sheet glass replace plate glass on 
account of economy? 

Mr. BRUNN:—No. I think safety glass will be uni- 
versally adopted. 

QUESTION :—Do you think quality design should in- 
clude new style-features annually, or more often, to 
accelerate car sales? 

Mr. BRUNN:—I think they should be changed, but 
perhaps not annually. It would be advisable to change 
a poor design right away. Every builder of bodies 
must be continually injecting new thoughts and ideas 
into his design, and he must not wait until it has ex~- 
hausted its usefulness. Good design, or anything else 
that is well done, is not done quickly. It results from 
earnest, faithful, painstaking effort rather than from 
trying to get something out quickly by merely waving 
a wand. One ought to keep right on working on a good 
design, and also work on a new one. With the present 
design on the board, look at it day after day and week 
after week and see where you can improve its weak 





the driver was cramped, we shortened the pedals. Most points. No designs are so good that they cannot be 
cars now have adjustable pedals. improved. 
Associations 


HILE traditional government tends to break down in 

the complexity of modern life, new forms are devel- 
oping which put control into the hands of responsible and 
self-respecting men. Important among these are profes- 
sional and trade associations. Almost every field now has 
its organization, with standards of practice determined by 
the more representative members. These associations do 
more than government compulsion to raise standards. 
They are promising expressions of ‘self-government. 

In earlier times men might judge accurately the quality 
of the simple services and goods they required. Today 
we often lack time to investigate character, or skill to 
judge specialized goods or services. We sometimes see big 
reputations built more quickly by widespread publicity 
than upon excellent quality. Government cannot protect 
us from exploitation, except in extreme cases. Here and 
there the law may bring stragglers into line, as did the 
pure-food laws; but unless there are organized forces to 
sustain right motive, government becomes helpless. 

Professional and trade associations are providing such 
forces. Men keenly desire the respect of their peers. The 


influence of standards voluntarily set by associates is a 
powerful force for the discipline of human conduct. That 
influence, rather than legal compulsion, sustains profes- 
sional and business morals. A calling seldom develops 
high standards through individual action. Only where 
men unite to set standards for themselves do honor and 
pride of workmanship generally control. The exchange 
of opinion and experience which goes on in such associa- 
tions is a great force for improving service. 

Professional and trade associations have not univer- 
sally achieved standards that promote the general welfare 
or represent fair play. In many callings there is need 
for bringing standards of practice into harmony with gen- 
eral public interest. The code of ethics of any professional 
or other association expresses the desire to make the stand- 
ards of conduct in that calling deserve the approval of all 
self-respecting men. Professional training alone is not 
enough. Before one becomes a professional man, crafts- 
man, or merchant, he needs to fix his deeper roots and 


more controlling loyalties in the all-inclusive profession of 
man.—Antioch Notes. 





Foreign Trade 


TTHE remarkable expansion in the foreign trade of this 

Country in the last 15 years is indicated by the fact that 
both exports and imports in 1927 were more than twice as 
large, in point of value, as in 1913. Probably less than 
half of the gain during this period is due to the change in 
price levels. 

In a comparison of increases in our export trade with 
the different parts of the world, it is significant that the 
greatest expansion has occurred in shipments to those 
countries that formerly entered into our foreign commerce 
in a comparatively unimportant degree. Our exports to 


Asia in 1926 were 366 per cent larger than the average for 
1910 to 1914, while during the same period shipments to 
Oceania have increased 346 per cent, to Africa 310 per cent, 
to South America 267 per cent, to other North American 
countries 135 per cent, and to Europe only 71 per cent. 
These changes reflect, first, the economic development of 
the various countries; second, the influence of larger Amer- 
ican investments abroad, especially those for productive 
purposes; and, third, the increasing significance of advan- 
tages due to climate, natural resources, and the like as a 
basis for the interchange of commodities.—Guaranty Survey. 





Automotive Research 





The Headlighting Situation 


— afford a better appreciation 
of the effect of headlight leg- 
islation upon conditions on Cali- 
fornia highways and city streets, 
the following tabular data are 
presented, most of which are self- 
explanatory. 

The data incorporated in Table 
1 were collected on Sunset Boule- 
vard, Los Angeles; Geary Street, 
San Francisco; and East 12th 
Street, Oakland. 

Lamp glare was determined by 
visual observation. In the case of 
headlight raids, several observers 
were used and the results of 
doubtful cases checked by observ- 
ing the amount of light above the 
level of the head-lamp centers on 


in California 





To what extent does the use of 
mechanically defective head-lamp equip- 
ment complicate the problem of provid- 
ing satisfactory 


driving ? 


illumination for night 
The accompanying article con- 
tributes an interesting collection of facts 
to the discussion of this question. The 
data relate to conditions in California 


and were compiled by Lawrence O’Don- 
nell, Erskine Fellow, University of Cali- 
fornia, under the direction of L. M. K. 
Boelter.1 
Head-lamp conditions, accidents at- 
tributable to faulty headlighting, defects 


in head-lamps, and the effectiveness of 


Alameda County during 1926 that 
were directly attributable to in- 
sufficient illumination and glare 
as 5.8 per cent. In addition, in- 
sufficient illumination and glare 
served as a secondary cause in 
4.8 per cent of the fatalities. 
Although the population of Ala- 
meda County is concentrated in 
the East Bay Cities (Oakland, 
Berkeley, and similar localities), 
26 per cent of all fatal accidents 
occurred on the highway and 39 
per cent occurred at night. 

The lack of reliable informa- 
tion on the causes of automobile 
accidents in general cannot be 
overemphasized, and a remedy 





a 25-ft. screen. 

No photometric checks were 
made, but the effect on the ob- 
servers’ eyes was considered a 
reasonable criterion of excessive 
light causing discomfort to the 
on-coming drivers. The results given are therefore not 
“absolute” but may serve as a basis of comparison. 


covered. 


—— TABLE 1—CITY HEADLIGHTING CONDITIONS 

p Vis Los San Fran- 

° Angeles cisco Oakland 
Total cars registered 630 2,606 1,988 
One head-lamp out, per cent 3.43 2. 70 3.33 
Two head-lamps out, per cent 0.34 0.36 0.22 
Glare, per cent 73.80 67.14 72.1 5 
Insufficient illumination, percent 8.92 8.00 16.06 
Satisfactory, per cent 13.5 21.8 8.3 


It can be seen that approximately 70 per cent cf the 
head-lamps glared and that 10 per cent gave insufficient 
illumination, the latter condition causing the lights of an 
approaching vehicle to appear even more glaring. 


VARIATION WITH HOUR AND WEATHER 


Approximately 3 per cent of all cars in the cities are 
driven with one head-lamp out, and 0.3 per cent with both 
head-lamps out, as compared with 4.5 per cent with one 
lamp out and 0.5 per cent with both lamps out on suburban 
highways. 

The chart in Fig. 1 shows the variation of “one head- 
lamp out” with the time of the evening. The curve shape 
is difficult to explain but is probably due to the greater 
number of older cars found on the streets during the pe- 
riods of maximum lamps out. 

The chart in Fig. 2 pictures the variation of “one head- 
lamp out” with the time of the evening during several! rainy 
periods. The percentage of head-lamps out is doubled as 
compared with a dry evening, thus showing the effect of 
defective wiring and electrical connections. 


FATAL ACCIDENTS FROM FAULTY HEADLIGHTING 


Locally the only reliable sources of information fixing 
responsibility for accidents were coroners’ reports. oe 
The chart in Fig. 3 shows the fraction of fatalities in 





1M.S.A.E.—Instructor, automotive construction, University of 
California, Berkeley, Cal. 


headlighting enforcement are the topics 





should be sought. 

Table 2 and the chart in Fig. 4 
show the registration, accidents, 
glare, and one head-lamp out, in 
percentages for 14 representative 
cars subject to the conditions 
stated below the table. 








TABLE 2—OAKLAND AUTOMOBILE STATISTICS 


Car Reg- One Head- 
Makeof  istrations, Accidents, Glare, Lamp Out, 
Car Per Cent’ Per Cent Per Cent* Per Cent* 
A 24.7 25.3 25.6 31.43 
B 16.5 16.3 8.54 17.6 
C 8.02 7.65 6.00 1.76 
D 6.6 7.25 10.3 8.78 
BE 5.8 5.54 are 0.88 
F 3.73 3.89 5.12 5.26 
G 2.82 BE 0.85 1.76 
H 2.62 3.47 3.42 1.76 
I 2.29 2.18 8.54 9.65 
J 2.26 2.30 5.12 0.88 
K 1.67 0.59 0.85 0.00 
L 1.57 1.71 0.85 0.88 
M 1.57 1.47 1 ag 1.76 
N 0.27 0.18 0.00 0.00 
All others 19.58 19.40 18.83 17.60 
(A, Ford; B, Chevrolet: C, Buick: D, Dodge: E, Studebaker ; 
F, Star; G, Overland; H, Hudson; I, Essex: J, Nash; K, Packard; 
L, Cadillac; M, Willys-Knight: N, Lincoln) 
2 Percentage of each make of car of total registration, in Oak- 
land, taken from Division of Motor Vehicles, State of California, 
Percentage of each make of car of total cars involved in 
iccidents, taken from figures of East Bay Safety Council, covering 
iccidents for the first six months of 1926 
*Percentage of each make of car of total cars (117), with 
glaring head-lamps, from Oakland Headlight Raid, Jan. 8, 1927. 
Percentage of each make of car of total cars (3532), with 
one head-iamp out, from a count on Fast 12th Street, Oakland, 


on three nights during January, 1927. 


The slopes upward from right to left of the blocks in 
Fig. 4 show that the greater head-lamp difficulties occur 
with lower-priced cars, thus indicating that there is a 
direct relation between the cost of the head-lamp equip- 
ment (and car) and headlight enforcement difficulties. 


DEFECTS IN HEAD-LAMPS CLASSIFIED 


In Table 3 may be found in percentages the difficulties 
encountered with head-lamps on 125 representative cars, 
the data having been collected in six official State adjusting 
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stations. Of these defects, poor electrical contacts and con- 

nections, and incorrectly designed and poorly constructed 

sockets and focusing mechanisms head the list; but all may 
TABLE 3—-HEAD-LAMP DEFECTS NOTED BY GARAGES 


Number Percentage 














of Cars of Cars 
Socket Defect 
Weak plunger 4 3.06 
Socket stuck 1 76 
Bad socket 9 6.8 i 
Socket improperly inserted 1 .76 
Total 15 11.45 
Poor Connections 
Battery 4 3.06 
Socket 2 1.53 
Ground 4 3.06 
Switch 4 3.06 
Rust around reflector, ground broken 4 3.06 
Total 18 13.77 
Lens ‘ 
Broken 2 1.538 
Illegal 4 3.06 
Twisted 3 2.29 
Loose, poor clamps 3 2.29 
Total 2 9.17 
Out of Adjustment 26 19.78 
Gasket Broken 2 1.53 
Beam Control : 
Bracket adjustment necessary 6 4.58 
Bracket bent, not S.A.E. 10 7.64 
Total 16 12.22 
Lamp Smashed, Due to Collision 4 3.06 
Head-Lamp Electric Incandescent Lamp 
32-Candlepower 3 2.29 
Burnt out 19 14.51 
Total 22 16.80 
Focusing Screw Stripped 2 1.53 
Reflectors mn 
Upside down 1 .76 
Loose 3 2.29 
Bent 1 .76 


5 2.81 
Poor Wiring 3 2.29 
Battery Trouble 4 3.06 
Circuit-Breaker Stuck 2 53 


Total 


Grand Total 131 





100.00 





























Cars with One Light Out, per cent 








Time, p.m. 


Fig. 1—VARIATION IN HEAD-LAMP CONDITIONS WITH TIME 
OF EVENING 
The Chart Indicates, Roughly, that the Percentage of Cars with 
One Head-lamp Out Decreases with the Lateness of the Hour. 
An Explanation Offered Is that a Greater Number of Old and 
Hence Defectively Equipped Cars Are on the Streets Earlier 
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Fig. 2—VARIATION IN HEAD-LAMP CONDITIONS DURING 
RAINY PERIODS 
Observations of 1600 Cars Form the Basis of This Chart. The 
Greater Percentage with Lamps Out as Compared with a Dry 
Evening, about Double, Shows the Effect of Defective Wiring ana 
Electrical Connections 


be reduced by more liberal design. The item 19.78 per cent 


“out of adjustment” also is largely made up of socket and 
focusing-mechanism defects. 


VOLTAGE AT THE LAMPS 


A very important factor usually causing insufficient 
illumination is the voltage at the lamp. The drop of 
potential due to the increased circuit resistance with age, 


40; 






YY 
ts 























~ d5t 2 s§——__— — — 

c | S 23 

S 30} % d s- - a 

- S IST 
9 © 

a 25 | < —_—_______—__— — | 

” } X 

= 20 & ") Sohn! (Se 

: ii Bx 2 

fi = , =) ae ee 

a. S4 Se we a | 

<a 9 =. eS zo 

a a. FT ~- 3 o® 

S 2 ES ss 2s 

. zs Le SES 

© 5-— - — -—-- Qo 

“4 : U, a nee 
+ Z A ff gy a 





Fic. 3—CAUSES OF FATAL ACCIDENTS 
Coroners’ Reports Were Consulted for this Analysis. The Chart 
Indicates that More Than 10 Per Cent of All the Fatal Accidents 
Were Directly or Indirectly Due to Faulty Head-Lamps 


and the corresponding poor contacts, has been discussed 
at length in other papers. However, one characteristic of 
the third-brush generator, with which most cars are 
equipped, that of charging a partly discharged battery 
(low back e.m.f.) at a lesser rate than a fully discharged 
battery (high back e.m.f.) accounts for a great number of 
cases of low voltage at the lamps. 

The curves in Fig. 5 show the characteristics of a typical 
constant-potential vibrating-resistance and third-brush gen- 
erator. The curves in the upper half of the figure show 
that the vibrating-resistance generator regulation will tend 
to charge a partly discharged battery at a greater rate, 
thus automatically maintaining the battery at or near full 
charge. 

This is not true of the third-brush generator at a higher 
speed than 900 r.p.m., and the addition of a great number 
of accessories requiring energy from the battery has con- 
tributed to the low-voltage condition at the head-lamps. 
Of course this condition can be remedied by readjusting 
the position of the third brush, but this is not always done 
by the owner or repair man. A low-gravity battery condi- 
tion leads to a “sulphated” battery. Poor battery-connec- 
tions or a sulphated battery change the third-brush charac- 
teristics as shown in the lower portion of the chart in Fig. 
5. The two sets of curves for both generators illustrate 
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the charging characteristic using a 6-volt battery with 0.1, 
0.5, and 2.0 ohms in series respectively, which are exag- 
gerated sulphation and poor battery-connection conditions. 


HEAD-LAMP CONSTRUCTION ON 1927 PASSENGER-CARS 


In Table 4 may be found the results of a study of head- 
lamp construction of automobiles shown at the 1927 Auto- 
mobile Show in San Francisco. The results show a dis- 
tinct improvement in head-lamp construction, as indicated 
by the arbitrary rating at the end of the table. 


TABLE 4—-HEAD-LAMP DATA ON 1927 MODEL AUTOMOBILES COL- 
LECTED AT THE ELEVENTH ANNUAL AUTOMOBILE SHOW, SAN 


FRANCISCO 
S.A.E. Brackets 
Yes 25 
No 6 
Similar 
Lens 
Clear glass with fluted reflector 7 
Prismatic, or combination 28 
Feeder Wires 
Cable and metal connector 24 
Wires and rubber connector 8 
Hidden feeder-wires 3 
Cross-Rod 
S.A.E. Standard 31 
Not S.A.E. Standard 3 
No cross-rod 1 
Doors 
Bayonet joint 24 
Hinged 8 
Bayonet joint with retaining screw 18 
Bayonet joint with retaining hook 2 
Band 3 
Focus 
Rear screw 33 
Remove door 1 
Bottom thumb-screw 1 
Quality of Head-Lamp 
Very good 12 
Good 9 
Fair 10 
Poor 4 


ENFORCEMENT OF HEADLIGHTING REGULATIONS 


Although “educational” enforcement is most effective in 
California, its application to headlighting seems question- 
able. It was found in one headlight raid that only one 
driver out of 43 knew how to adjust his own head-lamps, 
while few appreciated the fact that their head-lamps were 
out of adjustment. The chart in Fig. 6 indicates the fre- 
quency of adjustment of head-lamps. Eighty-seven drivers 
were questioned during a headlight “raid.” The results 
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Fic. 5—GENERATOR CHARGING CHARACTERISTICS 


The Voltages Indicated on Curves a, b and c Refer to Battery 
Back Electromotive Force. The Fact that a Third-Brush Gen- 
erator Charges a Partly Discharged Battery at a Lesser Rate 
than a Fully Discharged Battery Accounts for Many Cases of 
Low Voltage at the Lamps; a Vibrating-Resistance Generator, 
as Can Be Seen from the Curves in the Upper Half of the 
Figure, Tends to Charge a Partly Discharged Battery at a 
Greater Rate, thus Maintaining the Battery at or Near Full 
Charge. Curves d, e and f Represent Exaggerated Sulphation 
and Poor Battery-Connection Conditions. From These the Extent 
to Which Such Conditions Affect the Characteristics of Third- 
Brush Generators Can Be Seen 


indicate that the average head-lamp receives only occa- 
sional attention from the driver or owner. 

During a three-night raid in Oakland, 391 car drivers 
were given citations, representing 0.38 per cent of the city’s 
1926 passenger-car registration. Referring to Table 1, it 
may be inferred that a solution of the problem must result 
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Fic. 4—PERCENTAGE OF TOTAL REGISTRATIONS, ACCIDENTS, 


The Accident Statistics Were Taken from Figures Covering Six 
Months Compiled by the East Bay Safety Council. A Survey of 
117 Cars Furnished the Glare Data, and a Count of 3532 Cars, 
Conducted on Three Separate Nights, Is the Basis for the Con- 
clusion as to the Proportion of Cars Driven with One Light Out. 
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GLARE, AND ONE LIGHT OUT FOR VARIOUS MAKES OF CAR 


The Slopes Upward from Right to Left Link Increasing Head- 
Lamp Difficulties with Decreasing Car Prices (A, Ford: B, 
Chevrolet; C, Buick: D, Dodge: E, Studebaker: F, Star: G, Over- 
land; H. Hudson; I, Essex; J. Nash: K, Packard: L, Cadillac; 
M, Willys-Knight ; N, Lincoln). 
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from continuous cooperation of the manufacturer, the au- 
tomobile owner, and the law-enforcement officials, rather 
than from the citation and arrest of the driver of a car 
having defective lighting equipment. 

Table 5 indicates the promptness displayed by the mo- 
torist in complying with the citations issued. The data for 
the table were determined when the citations were from 
one to seven days overdue. 


TABLE 5—CITATIONS RETURNED TO POLICE DEPARTMENT 
Report No Report 
Made to Made to 
Defect Given in Police Police 
Citation Department Department 
Glaring head-lamps 342 35 
Glaring spot-light 4 2 
One head-lamp out 43 21 
Both head-lamps out 5 1 
No tail-lamp 15 4 
Illegal lens 3 2 
Total cars 345 AG 
Percentage of Total 88.25 11.75 


The effectiveness of a headlight raid may be gaged to 
a certain extent by examining Table 6, which shows that 
the percentage of “fone lamp out” was decreased slightly 
but not much. 


TABLE 6—COUNT ON 12TH STREET AT 26TH AVENUE, OAKLAND 
Before Raid After Raid 

Number of cars counted 1,044 944 

Time Monday, Jan. 31, Monday, Feb. 28, 


6:15 to 8:25 p. m. 6:15 to 8:25 p. m. 
Percentage with one 
lamp out 3.60 3.42 


CONCLUSIONS 


(1) A glaring head-lamp is the rule rather than the 
exception, due almost entirely to defects in 
mechanical details of head-lamp construction. 








No. 6 
RESEARCH 687 
i : > ‘ oe sn 



























Ss ¥ 
+ “S £2 — +4 
5 20-2 # 35 
> TRA 8k 3 at 
o > > Xo seal 
— ze 
* 15 x $2 —_—— — 3 
> 22 ay 
2 
2 10 














Fic. 6—FREQUENCY OF HEAD-LAMP ADJUSTMENT 
Eighty-Seven Drivers Were Questioned During a Headlight Raid. 
The Answers Summarized in This Chart Indicate That the Aver- 
age Head-Lamp Receives Only Occasional Attention from the 

Driver or Owner 


(2) The glare problem is directly related to head- 
lamp (or car) selling price. 

(3) Improvements in mechanical construction of 
head-lamps are noticeable in 1927 models. This 
improvement should make itself manifest on 
the highways within a two-year period. 

(4) “One head-lamp out” and weather conditions are 
definitely related, showing the importance of 
weatherproof electrical connections. 

(5) The condition of lack of reliable statistics on 
causes of accidents requires immediate atten- 
tion. 

(6) The third-brush generator characteristic tends 
to further reduce the voltage of a low-voltage 
system. 

(7) Headlight raids are effective only in bringing the 
public to realize its voluntary part in the en- 
forcement program. 


Effectiveness of Labor 


EITHER high money wages nor low money wages, 

neither a high monetary scale nor a low one, count as 
factors in promoting international trade or in retarding it. 
Goods move from the dear countries to the cheap countries, 
from those with high wages and great prosperity to those 
with low wages and hard conditions, quite as much as the 
other way. 

The effectiveness of labor in the United States is greater 
than in any other country. It is more than double that of 
Great Britain or of prewar Prussia, at least thrice that of 
Belgium, five times as great as that of British India. It 
is markedly greater than that of the nearest rivals, New 
South Wales and Nova Scotia. The greater use of power 
and machinery contributed most to making American labor 
effective and productive. The United States has greater 
effectiveness in producing window glass by the machine 


process, but no superiority in producing by the hand process. 


The real reason why Americans are more likely to hold 
their own where machinery is used much, and where hand 
labor plays a comparatively small part in the expenses of 
production, is that Americans make and use machinery 
better. They turn to labor-saving devices that save more 
labor. Sometimes the machinery is lower in price than the 
same machinery made abroad, because made with labor that 
is more effective. Sometimes it is the same in price, but is 
utilized better and made to turn out more product per unit 
of operating force. Sometimes, though dearer in absolute 
price, it is still cheaper to use, cheaper relatively to its 
effectiveness. The result is the same whatever the details 
of the differences. The same product costs less money in 
the United States than in countries not so adept with the 
machine process, and the same labor turns out more of the 
product. The question remains one of comparative effec- 
tiveness.—F. W. Taussig, in International Trade. 











Operation and Maintenance 


HE Tran sporta- 

tion Meeting paper 
presented by George 
R. Gwynne, chief 
automotive engineer 
for the Continental 
Oil Co. at Denver, 
dealt with the super- 
vising practices of his company, which 
refines and markets petroleum products 
in numerous Western States. To facil- 
itate supervision, the company has es- 
tablished so-called motor-equipment 
divisions located in large Western 
cities and has provided a “base shop” 
at each of these locations. ‘“Sub-base 
shops” have been established also in iso- 
lated parts of the company’s territory, 
and each of these is operated under the 
direction of the superintendent of the 
base shop in the division in which it is 
located. Headquarters for traveling 
inspectors are also provided in each of 
the divisions. 

Sub-base shops are small but are well 
equipped with tools to enable them to 
render major service. They are not 
equipped, however, for completely re- 
building the vehicles. The personnel 
of the organization is distributed so 
that, from a geographic and a railroad- 
transportation viewpoint, the company 
is protected in regard to man-power po- 
sition for virtually any emergency. 
All motor-equipment-division garage- 
shop superintendents and personnel are 
under the direction of the home-office 
automotive - department, which is lo- 
cated at Denver and is in charge of 
Mr. Gwynne. 

The Continental Divide runs through 
the company’s territory from the Cana- 
dian line to the Mexican Border. Fully 
one-third of the entire area is very 
mountainous and has also very high 
altitudes, the highest being 11,500 ft. 
above sea level. In contrast, the com- 
pany also serves territory in the deserts 





Varied Operating Conditions 


Long-Distance Supervision of Motor- Vehicle 


Transportation Outlined 


of New Mexico and Utah and in the 
mesquite flats in Texas, these being 
very destructive of equipment on ac- 
count of dust of an abrasive character 
and mesquite thorns. In short, the 
company operates and maintains its 
vehicles under nearly every kind of 
climatic and topographical condition 
that exists in the United States. 
Climatic and topographical conditions 


alone present an interesting problem 
with regard to standardization, as it is 
necessary to use as few makes and 
models of passenger-car and truck as 
possible, yet the vehicles must work 
equally well in the cities, in the desert, 
in the high mountains and in snow. The 
standardization of equipment is de- 
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cided upon only after 
rigorous tests are 
conducted by Mr. 
Gwynne personally 
over a test course 
which represents se- 
vere road-conditions. 
In one section the 
difference in altitude in 10.7 miles 
is 725 ft.; in another, the drop in alti- 
tude in 3.1 miles is 1000 ft. These sec- 
tions afford splendid opportunities for 
brake tests. The operating tests on the 
section having a difference in altitude 
of 725 ft. are made in high gear at 
speeds of 25 to 30 m.p.h. Unless the 


brakes are well designed, generous in 
proportions as to area, and well cooled, 





they will not withstand these tests 
without burning. 

The base shops which are located at 
motor-equipment division headquarters 
are equipped with standard power- 
tools and minor equipment-repair fa- 
cilities, Plenty of natural light is pro- 
vided, and cleanliness is insisted upon. 
The requirement of cleanliness is ex- 
tended to include even the personnel, 
and shower baths for the men are pro- 
vided. 

As an example of the difficulty of 
maintenance and operation due to the 
great distances which separate the va- 
rious stations of the company, one 
sub-base shop is 102 miles from the 
nearest standard-gage railroad and 277 
miles from the company’s supply of re- 
placement parts. The accompanying 
illustrations indicate the operating dif- 
ficulties due to terrain and to climatic 
conditions on the desert near Ship- 
rock, N. M. 

With regard to repair work, the job 
orders are written when the physical 
inspection of the vehicle is made and 
are mailed to the home-office automo- 
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tive-department. There they’ are 
checked. The work of all service jobs 
is started by the inspector at once. He 
enters the expense for labor and mate- 
rial on forms. One of the forms is 
mailed to division headquarters for ac- 
counting and for production checking, 
and one is mailed direct to the home- 
office automotive-department. Expense 
is accumulated on a printed form, the 
data then being posted to another form 
in the general office which constitutes 
the unit control. The overhead costs 
are then picked out, distributed and 
posted. 


June, 1928 
MEETINGS OF THE SOCIETY 


INTERESTING CosT DATA . 


Mr. Gwynne stated the accumulated 
costs of operating one particular unit 
of automotive equipment during its en- 
tire life. He said $2,168 was spent for 
gasoline, $2,836 for tires, $3,837 for 
repairs, and $681 for miscellaneous 
items, a total of $9,522. Drivers’ wages 
were $8,838; depreciation, $2,275. From 
the total of $20,635 was deducted $650, 
the turn-in valuation of the vehicle, 
which leaves an expense of $19,985 for 
operating a unit that originally cost 
$2,275. It ran a total of 99,658 miles. 
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Valve Reconditioning 


OT many engines can accumulate 

any great mileage in use without 
valve trouble, as evidenced by repeated 
demands on service stations for valve- 
tappet adjustment, freeing of sticky 
valves and replacement of burned 
valves. 

An important paper on Scientific 
Valve Reconditioning, by Jack Frost, 
is printed in this issue beginning on 
page 644, and members interested in 
uptodate maintenance practice are 
urged to read it. 


Nine Technical Sessions Scheduled 


spark plug, so as to enable an engine to be 
indicated by removing the spark-plug and 
substituting the new unit. 


Poppet-VALVE-SPRING DESIGN 
A. MOORHOUSE AND W. R. GRISWOLD 


Development of the Packard dual valve- 
spring is the result of a study of valve-spring 
breakage, which divides naturally into two 
phases. The first phase, that of stress and 
the fatigue of metal subjected to repeated 
stress-changes, was studied first. An effort 
was made to determine stress ranges of a 
normal character within which repeated 
stress-changes could be applied without pre- 
mature breakage. Abnormal stresses were 
then studied with the purpose of eliminat- 
ing the abnormal or secondary _ stresses, 
which are primarily the result of resonant 
vibrations in the spring itself. 

The nature of resonant vibrations was 
studied by stroboscopic observation, using 
the systematic process of elimination by 
studying the effect of one variable at a time. 
Various theories of resonance were investi- 
gated for the purpose of determining why 
some critical vibrations were more severe 
than others. The relation of stress range, 
valve lift, natural frequency of vibration, 
rate of action, and weight of the spring was 
formulated. 

This relationship indicated that generally, 
but particularly under certain circumstances 
such as limited space and high valve lifts, a 
single spring had definite limitations which 
could be overcome by the use of multiple 
springs of identical characteristics instead of 
a single spring meeting the same maximum- 
load requirements. 

Multiple springs seemed at first to involve 
design and manufacturing difficulties that 
required careful study. Only two choices 
seemed open: (a) to arrange a group of two 
or more small coil springs in an annulus 
about the valve-stem and provide a rather 
expensive cage and seat combination for 
holding the springs in place, which had the 
disadvantage of requiring more space than 
was often available, and (b) to wind the 
springs like double or triple-thteaded screws 
and fasten the spring ends in a suitable re- 
tainer or seat. The latter course was the 
more practicable and has worked out well in 
production. The design of the retainers and 
the production methods are described and 
illustrated. 

The second phase of the investigation per- 
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tained to materials and their fatigue prop- 
erties, more particularly with reference to 
uniformity of life under test than to the re- 
lationship of stress to life. Some phases of 
testing materials which are regarded as an 
index to the life of the finished spring are 
mentioned. Some data on tests of many sets 
of valve-springs are also given. 

Other advantages as regards valve noise, 
valve-guide wear and general preservation of 
the valve gear by the elimination of valve 
clatter are discussed. 


METHODS OF OBTAINING GREATER POWER 
From ENGINES 


THOMAS J. LITLE, JR. 


Because of the insistent demand for more 
power from our passenger-car engines, every 
producer is faced with the problem either of 
designing new powerplants or revamping his 
present designs to obtain more power. In 
this paper an endeavor is made to show 
many possibilities of obtaining more power 
from a given engine. 

The information has been obtained ex- 
perimentally in most cases and is the re- 
sult of experience gained in revamping sev- 
eral powerplants. As most engines are not 
perfectly designed, such power increases are 
actually obtainable. 

It may be said that every engine on the 
American market today, no matter how well 
designed, could be improved by very careful 
and painstaking experimental research. 
Most manufacturers have been working 
along these lines during the last year, and 
certain fundamental changes, which would 
increase the power of any engine, can be 
grouped under the following headings: 
(a) increasing the speed; (b) increasing 
the volumetric efficiency; (c) increasing 
the compression ratio; (c) increasing the 
thermal efficiency; (e) increasing the me- 
chanical efficiency. 

In the paper these headings are sub- 
divided and discussed separately. The au- 
thor has gone so far as to suggest that it may 
be possible to supercharge certain existing 
engines without greatly changing their pres- 
ent design. 

A comparison is made of engine perform- 
ance as based on the number of cubic 
inches displacement per horsepower as the 
most correct method in comparing engine 
performance in respect to fuel consumption. 
The author points out that, when comparing 


engine performance with respect to car per- 
formance, a more accurate comparison would 
be engine weight per horsepower. 


THE ANGULAR DistorRTION Or CRANKSHAFTS 
C. A. NORMAN AND K. W. STINSON 


To compute the critical speed of a given 
crankshaft it is necessary to know how much 
its various parts are distorted by given 
torques. While a great deal has been written 
and several methods have been published for 
finding the critical speed once the angular 
distortion is known, it is rather strange, state 
the authors, that our knowledge of the an- 
gular distortions of various types of crank 
arms seems to rest upon a very scanty basis 
of published experimental data. Such data 
as there are do not seem to agree well with 
one another, and arms running from crank- 
pin to crankpin rather than from a journal to 
a crankpin, seem to be very scantily covered, 
if at all. Theoretical formulas covering the 
subject are very complicated, but are not 
certain. 

To clear up this matter, a six-cylinder 
Continental engine and five crankshafts 
were donated to the engineering experiment 
station of the Ohio State University. Three 
of these crankshafts were planed down so 
as to present a series of arms with decreas- 
ing thickness and width. The distortions of 
these arms were determined optically with a 
telescope and tilting mirrors. It was found 
that the measured distortions could be 
represented by very simple curves, in fact, 
by straight lines, when plotted against the 
reciprocals of the moments of inertia of 
the arm sections. In consequence, it was 
found possible to develop a very simple ra- 
tional, or semi-rational, formula whereby the 
angular distortions of the arms can be 
computed from the dimensions. These 
formulas and the original experimental data, 
are the subject of the paper to be presented 
before the Society and of Bulletin No. 43 of 
the Engineering Experiment Station, Ohio. 
State University. 


TRANSMISSION SESSION 


THE SENSAUD DE LAVAUD AUTOMATIC 
TRANSMISSION 
D. SENSAUD DE LAVAUD 


Mentioning the various attempts that have 
been made to secure continuous progressive 
changes of gear in the automobile, the au- 
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thor states that nothing of this sort is of 
value unless it is automatic. 

He has designed a transmission consisting 
of a wabble plate which actuates six con- 
necting-rods that operate as many roller 
clutches on the rear axle. Changes in speed 
result from variance in the inclination of the 
wabble plate, and this is controlled auto- 
matically through the combined effects of 
inertia and the reaction of the resistance. 

This transmission has been applied to a 
number of cars of different weights, some of 
which have seen much service. The action 
of the various elements of the transmission 
is analyzed with the aid of drawings, dia- 
grams and formulas, and the proportions are 
stated that have been found most successful. 
This transmission is combined with a gear- 
less differential and a planetary reverse gear. 


FRONT-WHEEL Drives; ARE THEY COMING 
or GoINnc? 


HERBERT CHASE 


This form of drive is reported to have 
been in actual use as long ago as 1862 and 
was applied to gasoline-driven vehicles dur- 
ing the first five years of this century if not 
before that date. Therefore, this paper is, 
in part, a review of information culled from 
the automotive literature, but it includes a 
record of certain recent designs, some of 
which probably are new to most members of 
the Society. There is also an analysis of the 
advantages and disadvantages of front-wheel 
drives in general which, it is hoped, will 
provide a useful background for those who 
contemplate a further study of the subject. 

The author’s comments apply especially to 
passenger-cars but they apply also in many 
instances to truck and motorcoach chassis. 
One of the few original American designs 
shown has been applied in practice only to 
motorcoach chassis but seems to be adapt- 
able to other passenger vehicles and to 
trucks as well. 


S. A. E. JOURNAL 


The author acknowledges indebtedness to 
many engineers, including several of the 
most prominent in the industry, for com- 
ments some of which are quoted verbatim 
and others used less directly in the text. 


BODY-DESIGN SESSION 
APPEAL OF THE Motor-Car TO WOMEN 
PAUL THOMAS 


The word “fashion” is much discussed to- 
day and the terms “art in industry” and 
“art in trades” are bandied about freely, 
but there is much confusion in the use of 
these terms, which mean one thing to this 
man and something entirely different to that 
man. Everyone is stirred up about using 
color on his products, but few have a clear 
idea of when to use color, how much to use, 
or what colors to use. A manufacturer 
proudly shows the newest model of his prod- 
uct and says it is a modern design, but 
he cannot defend it against criticism or ex- 
plain just where it fits into the scheme of 
things today. 

An increasing army of manufacturers and 
merchants realize that their merchandise 
must be sold on a plus appeal called “style” 
or “fashion” and that the public demands 
more than that the product be mechanically 
perfect or practical and useful. 

In creating and merchandising dress silks, 
Cheney Brothers have found some of the 
underlying principles of fashion. These can 
be translated freely into terms of the automo- 
bile business, because they apply to automo- 
biles exactly as they do to dress silks. 

The automobile must be an object that 
delights the eye, fills the purchaser with the 
pride of ownership, gratifies the desire for 
luxury and gives an impression of power, 
speed and graceful flight. But we occasion- 
ally see distressing examples of design that 
are created because the designer has not 
recognized the limitations of his problem. 


One of our outstanding faults today, even 
in the finest cars, is the habit of hanging 
gadgets in every possible place. Having 
developed the streamline principle in the 
general outline, we break up the flow of line 
by putting spare tires on the running-board 
and surmounting them with gaily nickeled 
mirrors fastened on with chains. 

Simplification is the keynote. Much can 
be done with fender lines. It may even be 
possible to hide the lamps or at least make 
them conform to the lines of the car. 
Much has been done to simplify the dash; 
instruments have been grouped into small 
panels, but we introduce moldings and or- 
namentation, with the result that the dash 
is as dizzy as before. 

There is much to be done with fabrics by 
the introduction of new weaves and textures 
that will add variety and give an individual 
character to the car interior. The one simple 
principle is that style and fashion are ar- 
rived at by making the design adhere 
rigidly to the inherent qualities of the ob- 
ject we are designing. It is not necessary 
to borrow or transplant. There is such a 
wealth of characteristics to express and in- 
terpret that we can go on designing cars 
endlessly virtually without repetition. An- 
other angle closely related to this is that 
endless variety is to be obtained by making 
our cars interpret the personality of the 
owner. Since more women than men have 
leisure to drive, we can well make our cars 
appeal to women by emphasizing grace 
and harmonious coloring and by a refine- 
ment of detail to which women instinctively 
respond. 

It does not require superhuman creative 
genius to change these things, but simply a 
straightforward attack of the problem, with 
an understanding of the result to be ob- 
tained. When they are accomplished the 
result will be “modern art” of the finest 
sort. We shall attain originality and variety, 
and the ensemble will appeal subtly to the 
people who buy motor-cars. 
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N extended pro- 

gram for stand- 
ardization of machine- 
tools was adopted at a 
meeting of the Sec- 
tional Committee on 
Small Tools and Ma- 
chine-Tool Elements 
that was held in Pittsburgh on May 15 
to receive reports from its several tech- 
nical committees and to consider new 
projects that have been suggested. The 
Sectional Committee was organized sev- 
eral years ago under the procedure of 
the American Engineering Standards 
Committee and is sponsored jointly by 
the Society, the American Society of 
Mechanical Engineers and the National 
Machine-Tool Builders’ Association. 
The first standard formulated by the 
Committee that related to machine-tool 
construction was that for T-Slots, 
Bolts, Nuts, Tongues and Cutters 
which was issued last year and pub- 
lished in the January, 1927, issue of 
THE JOURNAL. 


MACHINE TAPERS 


Prior to the meeting of the Sectional 
Committee in Pittsburgh, the Technical 
Committee on Machine Tapers held a 
meeting to review information that had 
been gathered regarding the adoption 
of a standard and what the standard 
should be. Replies to questionnaires 
sent out by the Committee and also 
from the Society’s Standards Depart- 
ment indicated divided opinion as to 
the use of the present Morse, the Jarno, 
the 6/10, the % and the %-in. per foot 
tapers. 

The Committee’s work on the stand- 
ardization of tapers relates only to 
their use in machine-tool construction 
and is based on the experience with 
present tapers in various types of tool 
and the feasibility of discarding them 
for a relatively new standard taper for 
all machine-tool applications. The first 
definite question voted on was whether 
only one standard series of taper sizes 
should be adopted, the vote being unani- 
mously favorable to a single standard. 
The next question submitted was 
whether the standard should be a com- 
promised series of tapers composed, for 
instance, of the %-in. taper for sizes 
No. 000 to No. 0, the Morse taper for 
Nos. 1 to 5, and the %-in. taper for 
larger sizes up to possibly 12 in. diam- 
eter,,as against a new and what might 
be termed an ideal standard. Extended 
discussion and a trial ballot indicated 
an almost even division of opinion and 
it was finally voted that a special Sub- 
committee of seven members be ap- 
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Tool Standardization 


Committee Meeting in Pittsburgh Receives 
Reports and Makes Appointments 


pointed to review all data available to 
the Committee and prepare a definite 
plan for standardization. This Sub- 
committee was instructed to have its 
report ready for presentation at the 
Machine-Shop Practice Meeting to be 
held in Cincinnati Sept. 24 to 26. 
Among those signifying their willing- 
ness to serve on the Subcommittee were 
C. E. Rundorff, of the Buick Motor Co., 
who had submitted a complete series of 
tapers up to 12 in. diameter with the 
6/10-in. per foot taper, and C. W. 
Spicer, who is one of the Society’s rep- 
resentatives on the Technical Commit- 
tee on Tapers. 


SECTIONAL COMMITTEE MEETING 


The meeting of the entire Sectional 
Committee on Small Tools and Ma- 
chine-Tool Elements began with a gen- 
eral review of the organizing of the 
Committee and the program it had un- 
dertaken. This was followed by short 
addresses by E. W. Ely, acting director 
of the Division of Simplified Practice, 
Department of Commerce, who at- 
tended as Secretary Herbert Hoover’s 
representative, and by M. E. Steczyn- 
ski, who spoke on the application of the 
system of preferred series of numbers 
in machine-tool standardization. The 
Committee voted that these series of 
preferred numbers recommended by the 
A. E. S. C. be considered by the several 
Technical Committees as the basis for 
the progression of sizes in machine- 
tool standardization. 

The first proposal on which the Com- 
mittee acted was the authorization of 
an Executive Committee to carry on 
the routine work, which it was felt 
could be done more quickly and effec- 
tively in this way than by the Sectional 
Committee as a whole. Those named 
to serve on the Executive Committee 
are: H. E. Harris, Chairman, also 
chairman of the Sectional Committee; 
J. A. Anglada, secretary of the Sec- 
tional Committee; F. O. Hoagiand; C. 
W. Machon; and C. W. Spicer. R. S. 
Burnett, Standards Manager of the 
Society; E F. DuBrul, general mana- 
ger of the National Machine Tool 
Builders’ Association; and C. B. Le 
Page, assistant secretary of the Ameri- 
can Society of Mechanical Engineers, 
were named as ex-officio members rep- 
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resenting the spon- 
sors. F. 0. Hoagland 
was elected Vice- 
Chairman of the Sec- 
tional Committee, and 
J. A. Anglada, who 
had been Acting Sec- 
retary, was elected to 
hold office permanently. The Commit- 
tee also decided that only two regular 
meetings will be held during the year, 
in the spring and in December. Special 
meetings may be called when necessary, 
however. 


TECHNICAL COMMITTEE SUBJECTS 


The Technical Committee on Tool- 
Holder Shanks and Tool-Post Openings 
reported that the proposed standard 
had been submitted to the members of 
the Committee for approval and that 
it would also be submitted soon to the 
Sectional Committee for ballot. It was 
indicated that the report is thought to 
be satisfactory for adoption, and Mr. 
Burnett reported that the Production 
Division of the S.A.E. Standards Com- 
mittee had already recommended its 
approval in June by the Society as one 
of the sponsors for the project, so as 
to avoid the holding of the report until 
the Annual Meeting of the Society next 
January for such approval. 

It was reported that considerable 
progress had been made in obtaining 
information regarding the standardiz- 
ing of Spindle Noses and Collets. The 
Executive Committee was authorized 
to organize a Technical Committee to 
have a report ready by next September 
if possible. 

Mr. Machon, chairman of the Tech- 
nical Committee on Milling-Cutters, 
stated that a definite report probably 
will be ready for the meeting of the 
Sectional Committee next December. 

In discussing Designations and 
Working Ranges of Machine-Tools, 
which is one of the subjects before the 
Sectional Committee, the existing con- 
fusion of capacity designations and the 
multiplicity of sizes of various types 
of machine-tool were pointed out. It 
was felt that these are unnecessary and 
that prompt action should be taken for 
the benefit of machine-tool builders and 
users. However, as the project is com- 
plicated by the many types of machine- 
tool, it was decided that the Technical 
Committee, when organized, should 
work through a number of subcommit- 
tees, each to be composed of specialists 
for a general type of tool. 

The projects for standardization of 
Drill Sizes and Drill Bushings were 
combined because of their close rela- 
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tion, and a Technical Committee was 
authorized, on which representatives of 
the Sectional Committee on the Stand- 
ardization of Screw-Threads are to be 
appointed, to cover the requirements 
for tap-drill sizes. 

A Technical Committee was also au- 
thorized for Punch and Die-Holder 
Standardization, with the understand- 
ing that this project relates only to 
blanking and forming presses and not 
to forging presses. 


NEW PROJECTS 


In connection with the suggested 
standardization of Circular Forming- 
Tools and Holders, it was stated that 
no great difficulty is being experienced, 
as only three or four types are in gen- 
eral use, but that standardization un- 
doubtedly will lead to more complete 
interchangeability of these tools. The 
Executive Committee was requested to 
circularize the extensive users of 
screw-machines as to the types and 
sizes of circular forming-tool they now 
use and what features they would like 
to have standardized. If replies indi- 
cate the desirability of organizing a 
Technical Committee, this will be done. 
Another suggested subject was the 
Mounting of Removable Chuck-Jaws. 
There is now practically no _ inter- 
changeability between different makes 
of chuck. The organizing of a Technical 
Committee was planned, with the stipu- 
lation that its work should relate only 
to the chuck jaws, and possibly to the 
spindle mounting-dimensions in the 
back-plate, but not to the chuck-operat- 
ing mechanism. 

The last and most doubtful project 
suggested was standardization of Ma- 
chine-Tool Colors and Paint Materials. 
It was said that at present machine- 
tools are painted in a variety of colors, 
sometimes according to the tool-build- 
er’s practice and sometimes to the cus- 
tomer’s specification. It was felt that 
this is expensive, causes many delayed 
shipments, and tends toward a conglom- 
eration of colors in the machine-tool 
user’s shop. On the other hand, it was 
stated that this project is not of an 
engineering nature and therefore is not 
suitable for the Sectional Committee to 
take up, as it is primarily a commercial 
matter; and it was indicated that re- 
sults would be doubtful, as there seems 
to be a growing fad for color schemes 
for machine-tools in different shops 
that militates against having only one 
or a very few colors in general use. 
During the discussion it was asserted 
that the lacquer-spraying system of 
painting is rapidly coming into use 
and that this would overcome to a 
large extent the added expense and de- 
lay in shipment at present caused by 
special painting by the brush method. 
It was decided to hold this subject in 
abeyance for a year. 
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GENERAL 

The trend toward machine-tool stand- 
ardization has been very marked dur- 
ing the last year or two. This is due 
partly to the increasing desire of ma- 
chine-tool builders for reduced varieties 
of tools and reduced cost of production 
and partly to users’ desire for greater 
interchangeability of machine-tool ele- 
ments and reduction of stock of tool 
equipment. There is at present con- 
siderable activity on the part of com- 
mittees of machine-tool builders and 
committees in various National organi- 
zations representing large machine-tool 
users’ interests, such as the Society. 
The work of these various interests is 
gradually centering in the general Sec- 
tional Committee on Small Tools and 
Machine-Tool Elements, which is re- 
sponsible for formulating American 
Standards for Machine-Tools. 

The Production Division of the 
S.A.E. Standards Committee is taking 
an active part in this work, both on 
projects of its own and in cooperation 
with the Sectional Committee. The 
General Production Committee of the 
Society, of which the Production Divi- 
sion is one of the groups, is also inter- 
ested in promulgating standards in a 
broad way, as well as in developing ac- 
tivities in other branches of the So- 
ciety’s work in the interest of produc- 
tion engineers. At the meeting of the 
Sectional Committee, the need for bet- 
ter cooperation and active participa- 
tion in this work by tool producers and 
tool users was stressed as necessary to 
make the work of the Sectional Com- 
mittee and of other committees en- 
gaged in similar activities adequately 
effective. 


Line-Production Layout 


N considering the layout of any sec- 

tion in the works, it will be seen 
that the principles adopted are, in some 
respects, departures from ordinary 
practice. The group system of arrang- 
ing machines has been definitely aban- 
doned. Even gear-cutting and grinding 
machines are placed in their correct 
positions in spite of the difficulties of 
supervision and the like. On the prin- 
ciple that one man can work three or 
four gear-shapers, such machines 
usually form a battery by themselves, 
but in this case the sequence of oper- 
ation must be abandoned. Some inge- 
nuity had, therefore, to be exercised 
in arranging the lines of manufacture 
close enough together to enable these 
gear-shapers to be operated in an eco- 
nomical manner. Grinding machines 
also, irrespective of the difficulties of 
exhaust fans and conduits, are placed 
where required in line with the other 
operations, rather than segregated in 
a grinding shop. This also is an inter- 
esting departure from standard prac- 


tice, which has been fully warranted by 
the results obtained. There are, of 
course, difficulties involved in making 
separate exhausting arrangements, but 
the advantages of a progressive layout 
more than justify the expense entailed 
thereby. 

Economies that result from intelli- 
gent remodeling of a section for con- 
tinuous production, even without the 
introduction of new methods or ma- 
chines, are astonishing. In the trans- 
mission section, as an example, it was 
found that the same output could be 
obtained with the same methods and 
machines, with one-third less operatives 
and a corresponding reduction in pro- 
ductive and non-productive costs, pro- 
vided that the machines were arranged 
in sequence, 


HEAT-TREATING IMPEDES 
CONTINUITY 


Enameling ovens, usually installed in 
an enameling department, are placed in 
the line of operation wherever re- 
quired. This necessitates insulation ina 
number of cases, but, whatever the dif- 
ficulties, they have been solved with 
satisfactory results. So far, however, 
heat-treating processes are the great 
stumbling-block to the sequence of op- 
erations, and the author will not be 
satisfied until these processes can also 
be placed in the line of operation. In 
automobile manufacture, in which 
practically every piece of steel is sub- 
jected at one time or another to heat- 
treatment, breaking off the sequence of 
operations because parts have to be 
despatched to a special hardening shop 
is one of the greatest drawbacks to 
continuous production; it is a bottle- 
neck placed in the line of continuous 
flow, which in the author’s experience 
provides the most frequent cause for 
stoppages in production. Furthermore, 
a much larger stock of parts has to be 
carried than should be necessary. It is 
obviously impossible to pass pieces one 
at a time from shop to shop, and in 
consequence a stock has first to be ac- 
cumulated to warrant cartage. 

It is true that an overhead chain- 
conveyor, such as is used in many 
American plants, could be utilized, but 
even then the lack of efficient contin- 
uous furnaces still acts as a definite 
block in production. Improvements in 
electric furnaces are now being made, 
and it is safe to prophesy that before 
long continuous furnaces will be placed 
in the machine-shops themselves, and 
thus obviate what is now a serious diffi- 
culty. For oil-hardening steels a solu- 
tion of the trouble is already in sight, 
but the problems connected with case- 
hardening “in line” are much more dif- 
ficult to solve—From a paper read by 
C. R. F. Engelbach before the Insti- 
tution of Automobile Engineers, Lon- 
don. 


— 





Outboard Engines and Racing Boats 


Advance in Two-Cycle High-Speed Engines and Refined 
Hulls Described at Buffalo by Bruno Beckhard 


UTBOARD motorboats that have 

come into great prominence of late 
through races in which they have at- 
tained speeds between 30 and 40 m.p.h. 
were the subject of a most interesting 
address given by Bruno Beckhard, sec- 
retary of the Outboard Motor Contest 
Board of the American Power Boat 
Association, at a meeting of the Buf- 
falo Section on May 15 which was at- 
tended by about 90 Section members 
and guests. The speaker’s close asso- 
ciation with the industry and his wide 
experience with all types of engine 
qualified him admirably to give an un- 
biased review of the subject. His ad- 
dress was concluded with the showing 
of motion pictures of the Albany-New 
York City outboard motorboat race 
that was run during the week of May 
14 to 19. 


How ENGINES HAVE IMPROVED 


Discussing the rapid advance being 
made in motorboat engine and hull de- 
sign, Mr. Beckhard stated that two- 
cycle outboard engines are now capable 
of speeds in excess of 3500 r.p.m. and 
are effectively controlled by throttling 
the gasoline-air mixture, whereas for- 
merly only spark control was _ used. 
Compression ratios are being increased, 
with a resultant increase in horsepower 
and efficiency. The quality of the gas- 
oline used has a decided influence on 
the engine performance, especially when 


starting. As the two-cycle engine de- 
livers a power stroke at every revolu- 
tion, it is difficult, said the speaker, to 
obtain spark-plugs that will withstand 
the intense heat. 

The engine and the boat must be 
adapted to each other as to their char- 
acteristics if the best speed results are 
to be obtained, declared Mr. Beckhard, 
who stated that a point which seems to 
be little realized is that every hull has 
an inherent maximum speed, and any 
attempt to drive it faster than this 
speed results merely in a waste of en- 
gine power, as the propeller simply 
churns the water without increasing the 
speed at all or only very little. A 
given engine and propeller will give the 
best performance in a hull of a certain 
shape and size which are best deter- 
mined by trial. This uncertain factor 
lends great interest to racing for the 
motorboat enthusiast. 


RusH To SEE ENGINE PARTS 


Although no formal discussion fol- 
lowed Mr. Beckhard’s talk because the 
meeting was a little late in starting 
and the address held the members in- 
terested for about 2% hr., there was a 
grand rush to the front of the room 
when the speaker announced that some 
outboard engine parts were displayed 
on the table. Much informal discussion 
ensued, with many questions put to and 
answered by Mr. Beckhard. 
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Chairman William R. Gordon pre- 
sided. Earl W. Kimball exhibited some 
lantern slides of Quebec to stimulate 
interest in the Summer Meeting to be 
held there June 26 to 29. 

At this last monthly meeting of the 
Section for the season announcement 
was made of the election of officers for 
next season, as follows: 

Earl W. Kimball, Vacuum Oil Co., 
chairman; Gustaf Carvelli, Curtiss 
Aeroplane & Motor Co., vice-chairman; 
William Edgar John, Buffalo Gasoline 
Motor Co., treasurer; and Donald S. 
Cox, Pierce-Arrow Motor Car Co., sec- 
retary. 

THE JOURNAL is indebted to Mr. Cox 
for this report of the May 15 meeting, 
the stenographic report of which was 
not in hand prior to the closing date 
for copy for the June issue. 





About Garage Equipment 


OUTHERN California Section mem- 
\J bers and invited guests to the 
number of more than 300 devoted the 
last technical meeting of the 1928 sea- 
son, held in Los Angeles on May 25, 
to inspection and consideration of mod- 
ern service-station and garage equip- 
ment that has been developed to reduce 
the cost of motor-vehicle maintenance 
and repairs, Of particular interest was 
the holding of the meeting on the tenth 
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floor of the Frank Wiggins Trade 
School, where dinner was served after 
the technical session and the equip- 
ment of machines and tools in operation 
on the first and second floors was in- 
spected. The automotive department of 
this school is one of the largest in the 
Country. It contains 60,000 sq. ft. of 
floor area and is equipped with devices 
embodying the latest advances in labor- 
saving machines and tools. This ex- 
hibit indicated the extent to which the 
large-scale operation of motor-vehicles 
on the Pacific Coast excels that in the 
territory of other Sections of the 
Society. 

H. A. Campion, principal of the 
school, told of the facilities the school 
affords to men in the industry to be- 
come skilled in automobile mechanics, 
and said that tuition is given free. 


THE SPEAKERS OF THE EVENING 


At the technical session R. E. Plimp- 
ton, of Chicago; E. C. Wood, of San 
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Francisco and Chairman Ethelbert 
Favary, of Los Angeles, spoke of the 
excellent work that is being done by 
the Operation and Maintenance Com- 
mittee of the Society. H. L. Horning, 
of Waukesha, Wis., Past-President of 
the Society, who was expected to be 
a guest, telegraphed at the last mo- 
ment that he could not be present 
owing to illness in his family. 

Regular speakers of the evening 
were Eustice B. Moore, of the Los An- 
geles Automotive Works; A. L. Knip- 
ping, Jr.; of the General Petroleum 
Corporation; G. F. Grove, of the 
Weaver Mfg. Co.; M. E. Herwich, of 
the Hobart Bros. Electric Equipment 
Co.; C. B. Lindsey, superintendent of 
automotive equipment of the Los An- 
geles Railway Co., and A. I. Chamber- 
lain and F. Featherstone, of the Hutton 
Engineering Co. 

Incoming officers and members of the 
governing board of the Section were 
announced. 


Electric Units Get a Hearing 


Cartwright Demonstrates and Explains Constant- 
Voltage Three-Brush Generator System 


About one-third of the time at the 
last meeting of the season held by the 
New England Section in Boston on 
May 9 was taken up by D. C. Cart- 
wright, general service manager of 
the North East Service Co., of Roch- 
ester, N. Y., in demonstrating and ex- 
plaining the functioning of an elec- 
tric-generating system for motor-ve- 
hicle work, and the remaining two- 
thirds of the evening was spent in a 
lively discussion of the subject. These 
proportions indicate the great inter- 
est of vehicle operators in the subject 
of a good and dependable source of 
current for starting, ignition and light- 
ing. 

The meeting was the last of a series 
devoted primarily to operation and 
maintenance, and it brought out an 
attendance of 225, of whom 55 partici- 
pated in the members’ supper that pre- 
ceded the technical session. Section 
business disposed of before launching 
the main subject of the meeting was 
the presentation by Treasurer Albert 
Lodge of the financial report, which 
showed a substantial gain in cash in 
the bank during the last fiscal year, 
and the announcement of officers 
elected for the coming year. The new 
officers are: Knox T. Brown, general 
service manager of the Packard Motor 
Car Co. of Boston, chairman; George 
L. Appleyard, partner and _ service 
manager in the Robinson-Toohey Co., 
vice-chairman; Albert Lodge, service 
engineer of the Charles Street Garage 
Co., reelected treasurer; and William 


M. Clark, superintendent of transpor- 
tation for the S. S. Pierce Co., re- 
elected secretary. 

Some lantern slides of Quebec were 
shown, and the Meetings Manager of 
the Society, who was a guest of the 
evening, gave some information re- 
garding the coming Summer Meeting 
in that ancient Canadian city. Chair- 
man Frank E. H. Johnson presided. 


SPECIAL NEEDS OF PUBLIC VEHICLES 


After reviewing briefly the develop- 
ment of motor-vehicle lighting from 
the days of carbide lamps and com- 
paring the conditions of regulating 
electric-current generation in station- 
ary powerplants and in motor-vehicles, 
Mr. Cartwright described and dem- 
onstrated a generator system developed 
for use on motorcoaches. On a motor- 
vehicle, he said, the generator speed 
ranges from zero to 3000 or 3200 r.p.m. 
and the temperature from 30 deg. be- 
low zero to 100 deg. above zero in the 
shade. Regulation of the generator on 
passenger-cars, which is necessary be- 
cause of the variations in speed, tem- 
perature and load, is by the three- 
brush system. This is simple and reg- 
ulates the output to suit operating 
conditions within limits, but this type 
of generator produces current all the 
time the engine is running. On taxi- 
cabs and motorcoaches, which fre- 
quently are in operation 20 to 22 hr. 
per day, the battery does not require 
the continuous input of the generator 
during daylight hours and the gen- 


No. 6 


erator or battery would be destroyed 
rapidly, particularly on motorcoaches, 
for which generators of a capacity of 
600 watts are now being supplied. 


CHARGING VOLTAGE REGULATED 
AUTOMATICALLY 


The control system finally worked 
out for these large-capacity gener- 
ators, said Mr. Cartwright, incorpor- 
ates constants in the charging system. 
Voltage of the generator is held con- 
stant and the temperature variation 
is compensated for, thus producing 
ideal charging characteristics. When 
the battery charge is low, the gener- 
ator produces its full output; and as 
the battery charge increases, the out- 
put of the generator automatically de- 
creases. The charging rate is regu- 
lated by the difference in potential be- 
tween the battery and the generator. 
A cut-out in the lighting system closes 
automatically when the generator is 
turning fast enough to develop a 
higher voltage than that of the bat- 
tery, and opens when the speed de- 
creases so that the generator voltage 
is less than the voltage in the battery. 
Thus the battery charge is conserved 
for starting and lighting when the 
generator is not running. 

The control element is set at a cer- 
tain voltage, usually 14% volts, for 
summer operation, and at 15 or 15% 
volts for winter operation, when the 
lights are burned during more hours 
in the day and the cold increases the 
battery resistance. A button acting 
on the control head serves for making 
this adjustment and is on the outside 
of the case so that the adjustment 
can be made in one or two seconds. 

At this point the speaker gave a 
more detailed description of the regu- 
lating mechanism and made a number 
of demonstrations of the operation of 
the generator in charging a battery 
and of the effect of cutting the light- 
ing load of a motorcoach in and out, 
with virtually no flickering of the 
light. 


REPLIES TO A QUESTION BARRAGE 


Following this, the barrage of ques- 
tions was laid down. To some of these 
Mr. Cartwright replied that the speed 
of the generator when developing its 
full output is 1600 r.p.m. and that at its 
maximum speed it will deliver 40 amp.; 
that no passenger-cars are using this 
generator because the third-brush gen- 
erator can be regulated so readily for 
the needs of those who use the starter 
a great deal and those who do not, 
and also because the control unit on 
the motorcoach generator is rather 
expensive; but he intimated that, with 
a production sufficient for private pas- 
senger-cars, the price could be sub- 
stantially reduced. One important ad- 
vantage, he said, is that if a wire 
breaks anywhere in the charging cir- 
cuit the output of the generator is 
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controlled at once according to the 
load on it, and another is that the cur- 
rent for the lamps is materially in- 
creased. The danger of a driver being 
left in the dark by the breaking of a 
eable or wire is obviated. If a wire 
breaks in the daytime, an indicator 
shows that no current is going into 
the battery; at night, if it were known 
that the lamp-current load was 15 amp. 
and if the ammeter reading was 15 
amp., the driver would know that the 
circuit was open somewhere and no 
current was going into the battery. 

One of the lantern slides displayed 
showed a control unit on a generator 
in a taxicab. This type is used also 
with the third-brush generator for the 
smaller single-deck motorcoaches, and 
consists of a cut-out unit and a volt- 
age-regulator unit. The taxicab unit 
is less expensive, as the third-brush 
is not needed. 


HIGH-SPEED-ENGINE CIRCUIT- 
BREAKER 


To gain the necessary high-speed 
action of the circuit breaker for igni- 
tion in the present high-speed engines, a 
double-direction ignition unit has been 
evolved, said Mr. Cartwright, which is 
connected in parallel so that the cur- 
rent is divided and one-half is carried 
by one set of breaker-points and the 
other half by another set. This means 
longer life for the breaker points and 
much less adjusting. By lengthening 
the breaker arm and increasing the 
spring tension, all chattering effects 
are virtually eliminated, according to 
Mr. Cartwright, who said, in response 
to inquiries, that records show oper- 
ation for from 40,000 to 62,000 miles 
without any adjustment, after which 


it was necessary only to bring the 
contacts slightly closer together. The 
general voltage of the battery will 


vary a little with the capacity of the 
generator; if the battery is entirely 
too small, the generator voltage will 
be a little higher than with a battery of 
full size or slightly over-size. The gen- 
erator voltage with the third-brush sys- 
tem and a 6-volt battery can go as high 
as to 7.50 volts when charging 
without being detrimental; but the 
voltage drops to normal as the gen- 
erator speed is decreased or when the 
engine is stopped. 
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CHARGING RATE WITH THREE-BRUSH 
SYSTEM 


Some difficulty arises with the light- 
ing system on old-type motor-trucks 
because batteries are being changed 
and charged in the garage, and they 
show one voltage when charging and 
another when discharging, said a mem- 
ber, who inquired if any incandescent 
lamps are being manufactured that 
give full candlepower at 6 volts. To 
this Mr. Cartwright replied that all 
6-volt lamps are being manufactured 
on a 6%-volt basis; that charging rates 


should be set on a fully charged bat- 
tery and while the generator is warm, 
as a charging rate of 15 amp. when it 
is warm will be 18 amp. when it is cold. 
The third-brush system operates direct- 
ly opposite to the ideal condition, the 
charging rate on a discharged battery 
being lower than on a fully charged 
battery. Therefore, if the charging 
rate is set on the discharged battery 





at the full output of the generator, 
there is a possibility, on a small bat- 
tery, of the charging rate increasing 75 
per cent when the battery becomes 
charged; and this overloads the gener- 
ator and results in heating the bat- 
tery. The charging rate should be set 
with an ammeter connected to the gen- 
erator terminal, if the generator has 
to be set up to its full capacity. 


Evolution of Motorcoaches 


Rapid Progress Reviewed at Metropolitan Section 
Meeting by Smith and Naegel 


N making a snapshot of a racing car 

in motion the focal-plane shutter of 
the camera exposes the bottom of the 
car before the top and produces the 
effect of leaning forward that we have 
come to associate with speed. In pre- 
senting his paper on Evolution of the 
Present-Day Motorcoach Chassis, G. 
W. Smith, Jr., of the White Motor Co., 
gave a corresponding idea of speed by 
saying that the evolution is so rapid 
that this is no time to get a view of the 
state of the art. 

A helix, like the thin spiral of smoke 
rising from a cigarette, is taken as a 
symbol of motor-car evolution. Design- 
ers go over and over again the same 
old basic principles of design and ar- 
rangement, but, as a rule, some prog- 
ress is made on each new turn. The 
important thing is to summarize the 
progress. Examples of this are found 
in the increase of front-axle tread to 
78 in., of the tire size to the present 
10.50-in. balloon, and of the wheelbase 
to a length of 240 in. or more. The 
powerplant has increased about 60 per 
cent in piston displacement and 125 
per cent in output, and now it is a 
problem to get a sufficient radiator in 
the available space without making it 
too high for the driver to see over. 

Opinions on several of the moot 
questions of design were given by Mr. 
Smith, who believes the gear transmis- 


sion to be unchallenged for use in the 
intercity coach and to be still a com- 
petitor in urban transportation. Major 
improvements in gear transmissions 
are still possible. The steam motor- 
coach is making a bid for a place in 
the sun. While a steam engine offers 
the ideal torque characteristics, Mr. 
Smith’s experience is that the many 
accessories such as thermostats, water- 
feeding devices and open-fire burners 
are more of a handicap to it than are 
the carbureter, ignition and other ac- 
cessories to the internal-combustion en- 
gine. 


How MoTorRcoAcH BoDIES HAVE 
BEEN DEVELOPED 


In W. G. Naegel’s paper the author, 
who is connected with the Lang Body 
Co., sketched the development of the 
motorcoach body from the time when 
motorcoaches were made on the Pacific 
Coast by lengthening the frame and 
body of a passenger-car and adding 
more doors and seats to provide ca- 
pacity for about 12 passengers: 

The next step was to mount a sedan- 
type body on the chassis of a long- 
wheelbase truck. This did not prove 
satisfactory, because of high upkeep 
expense and because, with this type of 
body, it was too hard for the driver to 
look after so many passengers. This 
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led to the present style of coach body 
in which the doors have been replaced 
with drop windows and a passage is 
provided between the seats. 

Legal limitations are commonly 
placed on the size of motorcoaches. The 
maximum width is 96 in. and the maxi- 
mum over-all length generally is 30 ft., 
although in several States it is 28 ft. 
The clear head-room is ordinarily 76 
in. The resulting maximum seating 
capacity for a conventional city-type 
motorcoach is 29 to 33 passengers. Now 
the designer is faced with the problem 
of crowding seats for 35 or 40 passen- 
gers into the same space. 

In Mr. Naegel’s opinion, the original 
type of composite construction of wood 
reinforced with steel must now be 
superseded by all-metal construction, 
and he believes that the semi-rigid type 
will prove more economical in main- 
tenance cost than will the rigid type of 
metal body. 

Examples of a number of motor- 
coach bodies were shown on the screen 
by Mr. Naegel, including views show- 
ing the construction of partially built 
frames. Other slides showed a coach 
that had suffered damage from colli- 
sion and depicted the relative ease with 
which repairs were made. 

At the close of the meeting, Mr. 
Smith showed motion pictures of motor- 
coaches in service in Cleveland and 
elsewhere, including vehicles of a num- 
ber of different makes, some having six 
and others eight wheels. 


WHY PEOPLE RIDE IN MOTORCOACHES 


During the technical session the 
meeting was in charge of C. W. Stokes, 
the member of the Section Meetings 
Committee who had arranged it. He 
remarked on the great growth in the 
patronage of motorcoach lines. 

In the discussion, M. C. Horine, of 
the Mack Truck organization, analyzed 
the chairman’s implied question as to 


the reason for this increase. He stated 
that the motorcoach is the great an- 
swer to the desire of middle-class peo- 
ple who want to ride in something 
better than the trolley-car and the day 
coach, yet cannot afford the expense of 
the taxicab and the Pullman with its 
50-per cent surcharge. 


ANNOUNCEMENTS AT THE SEASON’S 
WIND-UP 


Officers elected for next season were 
announced as follows: Chairman, S. R. 
Dresser; vice-chairman, George A. 
Round; treasurer, J. C. Morrell; and 
secretary, W. H. Conant. 

Appreciation of the work of the of- 
ficers and committee men during the 
year just ended was voiced. It is said 
that the membership of the Section 
now includes 90 per cent of the Society 
members living within the Section ter- 
ritory. Far from being disheartened 
because the Detroit Section now has a 
few more members than the Metropoli- 
tan, the Section in New York City 
feels satisfied that it has had some 
influence in stimulating development 
of the Section which has the largest 
constituency of any in the Society. 

This final meeting of the season, at- 
tended by about 150 members, was held 
in the Building Trades Club on May 
17, following a dinner attended by 115 
members. At the close of the dinner 
General Manager Clarkson, of the So- 
ciety, complimented the Section on the 
work it had done during the year and 
spoke briefly on the attractions to be 
offered at the Summer Meeting in 
Quebec. 

A pleasing incident occurred when 
Chairman Ed Lowe called Miss McCor- 
mick and Miss Bell, of the Society 
staff, to the speakers’ table to receive 
small caskets of gold, presented to 
them in appreciation of their work with 
the Metropolitan Section during the 
year. 


Lighter Truck Bodies Wanted 


Long Tells Northern California Section of a Body 


Built Like 


—- by the story of the crea- 
tion of Eve, J. F. Long exhibited 
the rib of an airplane at the Northern 
California Section meeting, on May 10, 
as the basis for the design of a light 
body for a motor-truck. As described 
by him, the body more nearly resem- 
bled conventional fuselage construction, 
but the rib evidently was more conve- 
nient than the fuselage to exhibit at 
the meeting. 

Confirming the nominations made by 
the Nominating Committee, the follow- 
ing officers were elected to serve the 
Section for the year that is ahead: S. 


a Fuselage 


B. Shaw, Pacific Gas & Electric Co., 
chairman; Horace Hirschler, Horace 
Remote Control. Co., vice-chairman; 
Herbert Miller, Sterling Motor Truck 
Co., vice-chairman for East Bay; Fred 
L. Sargent, White Co.,. treasurer; and 
W. S. Crowell, Home Accident Insur- 
ance Co., who was re-elected secretary. 

Announcement was made that a 
smoker will be held on June 14. Among 
the things promised for this occasion 
are a good dinner, dancing numbers, 
and talks by the retiring chairman and 
the incoming chairman of the Section. 

Following this announcement, Mr. 


Long told how his concern, Aircraft In- 
dustries, was called upon to build a 
body for the use of a florist on a chas- 
sis weighing 3242 lb., keeping the total 
weight below 4000 lb. The job was ac- 
complished by resorting to airplane 
practice. The cab was made with a 
welded tubular steel frame covered 
with aluminum sheets held in place by 
drive-screws. The cab was supported 
on the frame at two points in the rear 
and on the cowl at a single point at the 
front. 

Square steel tubing was used for the 
frame supporting the canopy of the 
body, and the floor was made of %-in. 
tongued and grooved spruce, glued 
with casein glue. Square tubing was 
used also for the three main cross- 
members, which were clamped directly 
to the frame with only brake lining in- 
terposed, and the floor-boards were 
screwed to the transverse members. A 
catch strip was welded to the corner 
supports and side pieces, and plywood 
siding was attached to this. 

The body was 100 in. long and 62 in. 
wide and had side rails 14 in. high. 
The canopy was 6 ft. high inside, with 
heavy canvas curtains. The cab, with 
cushions, flooring, tank mountings, 
windows and cushions, weighed 140 
lb. The canopy weighed 75 lb. and the 
body proper brought the total weight 
up to 500 lb. Costing about $120 more 
than an ordinary body, a saving of $1 
was made on each crossing of the ferry 
because of keeping within the weight 
limitation. The saving amounted to 
$400 per year in this case. 

The body withstood rough tests, and 
was used in service without breakage 
or trouble, but complaint was made 
that the vehicle rode too hard because 
of its light weight. Removing two 
leaves from each rear spring and add- 
ing shock-absorbers did not make the 
riding satisfactory, so the truck was 
put into the service of hauling dirt, 
gravel and rock, having a capacity of 
about 2% cu. yds., and it proved ser- 
viceable at that work. 

Although no aluminum was used in 
this job, except for the sheathing of 
the cab, Mr. Long mentioned the pos- 
sibility of the use of duralumin cast- 
ings in the production of light bodies 
for motor-trucks. Modern welding 
processes for steel also can be used to 
save much weight when compared with 
bolted connections. 


SAVING WEIGHT IN USUAL CON- 
STRUCTION 


How weight saving can be effected 
in a regular body-shop was next de- 
scribed by C. A. Wood of Wood Bros., 
Oakland. He stated that improper 
selection of the chassis for the particu- 
lar job and insufficient consideration of 
factors such as wheelbase and load dis- 
tribution are responsible for some of 
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Reports of Divisions to Standards 
Committee 


STANDARDS COMMITTEE MEETING JUNE 26 





To Be Held in Connection with the Summer Meeting 
of the Society 


In this issue of THE JOURNAL are printed reports that 
have been prepared for submission to the Standards Com- 
mittee and to the Society by nine Divisions of the Stand- 
ards Committee since the Annual Meeting last January. 

All of the reports are submitted at this time for approval 
after having been considered carefully by the respective 
Divisions and given as wide publicity as possible by pub- 
lication in this or previous issues of THE JOURNAL. The 
reports as now presented are believed to be in acceptable 
form and any proposals should be only in the nature of 
important and carefully considered constructive changes. 

Under the Standards Committee procedure, these reports 
may be approved as presented, amended within limitations, 
or referred back to the respective Divisions for sufficient 
reason. The action taken on them by the Standards Com- 
mittee will be passed upon by the Council and the general 
business session of the Society, with the purpose of approv- 
ing them for submission to letter ballot of the members of 
the Society as the final step in their adoption. The letter 
ballot will be counted 30 days following the Standards 
Committee Meeting, and the reports on which the vote is 
affirmative will be published in the S.A.E. HANDBOOK. 

Rejection or major changes in any of the reports will 
require that they be sent back to the Divisions that pre- 
pared them and that they cannot be passed upon again 
before the Annual Meeting of the Society next January. 
In voting on the reports at the Standards Committee Meet- 
ing, the Regulations require that only members of the 
Standards Committee do so. 


Aeronautic Division 
PERSON NEL 
E. P. Warner, Chairman Assistant Secretary of the 
Navy for Aeronautics 


Arthur Nutt, Vice-Chairman Curtiss Aeroplane & Motor 


Co. 
Archibald Black Garden City, N. Y. 
V. E. Clark Buffalo 
J. W. Crowley, Jr. Langley Field, Hampton, Va. 
J. F. Hardecker Navy Yard, Philadelphia 
C. B. Harper, Lieut. Bureau of Aeronautics 
E. T. Jones Wright Aeronautical Corpo- 
ration 
I. M. Laddon Consolidated Aircraft Corpo- 
ration 


C. J. McCarthy 

Leslie MacDill, Major 
W. B. Mayo 

G. J. Mead 

L. D. Seymour 

R. H. Upson 


Chance Vought Corporation 

Wright Field, Dayton, Ohio 

Ford Motor Co. 

Pratt & Whitney Aircraft Co. 

National Air Transport Co. 

Aircraft Development Cor- 
poration 

Glenn L. Martin Co. 

Bellanca Aircraft 
tion of America 


Edward Wallace 


Karl H. White Corpora- 





L. M. Woolson Packard Motor Car Co. 


T. P. Wright Curtiss Aeroplane & Motor 
Co. 

P. G. Zimmermann Paul G. Zimmermann Metal 
Aircraft 


AIRCRAFT STORAGE-BATTERIES 


After due consideration of the present types of aircraft 
battery being manufactured for military and commercial 
use, the Subdivision on Aircraft Storage-Batteries recom- 
mended to the Aeronautic Division a series of three sizes 
of non-spillable battery to be known as S.A.E. Nos. 32, 34 
and 36. 

The Division recommends the approval by the Standards 
Committee of the following aircraft-battery specifications 
as an S.A.E. Standard: 


AIRCRAFT BATTERY SPECIFICATIONS 


Aircraft Storage-Batteries.—These specifications 


are intended to apply only to lead-acid storage-bat- 
teries for aircraft. 


















































| Mini- 
mum | Mini- Maximum Over-All 
Capa- | mum Dimensions, In. | Maxi- 
Bat- | Num- | city at |Current|_ ei 3 i an 
tery | ber of | 5-Hr. | for 20 Weight 
No. | Cells | Rate, | Min., |Length'| Width | Height | Wet, 
| Amp.- | Amp. Lb. 
| Hr. 
—— —| —— — ——— —— — _ —_ — —} —— - — } — — 
32 64 291 9 50 8! 16 7% 11] 4 38 
34 6= | 43 75 | 11%| 7% 11% 53 
36 6* | 65 | 113 144%, | 7% 11% 70 


| | 
| 


The over-all end-to-end length includes handles, not hold- 
down devices. The handles and the hold-down devices shall be 
attached only to the ends of the case. 

“ Side-to-side assembly of cells. 
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Ratings.—Batteries for combined starting and 
lighting service shall indicate the lighting ability and 
shall be the capacity in ampere-hours of the battery 
when it is discharged continuously at the 5-hr. rate 
to a final voltage of not less than 1.75 per cell, the 
temperature of the battery at the beginning of such 
discharge being 80 deg. fahr. The second rating shall 
indicate the starting ability and shall be the minimum 
current in amperes that the battery will deliver when 
discharged continuously at the 20-min. rating to a final 
voltage of not less than 1.5 per cell, the temperature 
of the battery at the beginning of such discharge be- 
ing 80 deg. fahr. 

Non-Spillable Feature.—Means shall be provided to 
prevent the escape of electrolyte when the battery is 
turned in an inverted position, or in any position be- 
tween normal and the inverted position, and allowed 
to remain in any position for an indefinite period. 
During this test the electrolyte shall be adjusted to 
normal level. 

Terminals.—Aircraft storage-batteries shall be 
equipped with wing-nut terminals secured to the top 
of the battery box in such a manner that vibrations 
from the external leads will be absorbed by the battery 
box and not transmitted to the terminal post. Both 
terminals shall be located on the same side of the 
battery, with the positive to the right when looking 
at the terminal side of the battery. 

Terminals shall have a 5/16-13 American Standard 
thread, with tolerances providing a Class 2 fit. 

Battery terminals and cable terminals shall be lead 
coated. 


TAIL-SKID SHOES 


The original recommendation of the Subdivision on Tail- 
Skid Shoes, as printed on p. 323 of the March, 1928, issue of 
THE JOURNAL, was discussed at the Aeronautic Division 
meeting on April 18, at which time it was decided to elim- 
inate the illustrations of the shoe types and approve only 
the mounting-hole dimensions inasmuch as the shoe types 
were not a part of the specification. 

The dimensioned portion of the drawing represents a 
male jig on which all shoes which conform to the required 
standards for interchangeability must mount. This method 
has been selected as best indicating the basic principle that 
this standardization is one of dimensions only and has noth- 
ing to do with the design of either the tail-skid proper or 
of the tail-skid shoe. 

The Division recommends the following for approval 











as 
an S.A.E. Standard: 
TAIL-SKID SHOE MOUNTINGS 
(S.A.E. Standard) 
Tail-Skid Shoes for airplanes under 4500-lb. weight 
shall fit a jig having the dimensions as shown. 
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AERONAUTIC BOLTS AND NUTS 
The Division recommends that the present S.A.E. Speci- 
fications on Castle Hexagon Nuts, Aeronautic, p. 286 of the 
1928 edition of the S.A.E. HANDBOOK, be revised in accord- 
ance with the table shown and that these specifications be 
approved as an S.A.E. Standard. The revised specifica- 
tion is as follows: 
CASTLE HEXAGON NUTS 
AERONAUTIC 
(S.A.E. Standard) 






T->}\<-A > <I 
/ ° 1] 
Well per || #0010" 
\1--0,000” 
— os | 
=a 2 | 
" ' 
Se 


A O 
3S Chamfer 


> y “Threads to 
Threads to Face to run true to z DiameterA 
Diameter A Threads within 0.005 
total variation 
Alternate 
Bolt Size A, 
Threads per Inch B} N S | 0 R l 
0.1640(No. 8)-36 | 3% | 1% | Se | % yA be 
0.1900(No. 10)-32 3g 4 564 64 9 64 
0. 2500(14)-28 "6 742 *64 *¥2 $0 V$2 
0.3125 (%)-24 M6 7164 a | CO 39 182 
0 3750(% 24 lf 136, ly 6 2 
0.4375 i¢)—20 5% 7964 lg 1 64 
0. 5000(14)—20 iz 16 M4 64 Me 64 
0. 5625(%_)-18 \% Ye 2 2 64 
0. 6250(54)—-18 we in | 6 | BI & y 
Also size of hexagon. 
7 Also depth of slot 
Distance from A to beginring of 3-in. radius, whose center is 


floating to satisfy curve 

All threads are American Standard 
ances. All dimensions in inches 
except where otherwise indicated. 


(NF), with Class 3 
Tolerances are 


Toler- 
+0.010 in. 


Physical Properties—Nuts shall be manufactured 
from bar steel having the following physical proper- 
ties: 

Tensile strength (minimum) Ib. per sq. in. 70,000 

Yield point (minimum) Ib. per sq. in. 50,000 

Elongation (minimum) in 2 in., per cent 10 

Reduction of Area (minimum) per cent 40 

Nuts shall withstand being increased 25 per cent of 
their original internal diameter without fracture and 
decreased 25 per cent of their internal diameter with 
out failure. 

PLAIN HEXAGON-HEAD BOLTS 
AERONAUTIC | 
(S.A.E.. Standard) 


The Division also recommends that the present S.A.E. 
Specifications on Plain Hexagon-Head Bolts and Nuts, pp. 
288 and 289 of the 1928 edition of the S.A.E. HANDBOOK, 
be revised to conform to the dimensions shown and approved 
as an S.A.E. Standard. The revised specification is as fol- 
lows: 
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PLAIN HEXAGON-HEAD BOLTS, AERONAUTIC 
(S.A.E. Standard) 
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Head End 

4 l ie cs a epee, See 

| | | Tensile? 

Nominal | Threads : : : | Strength, 

Bolt Size per In." | A B ( Db? E fk H J R Mini- 

mum, Lb. 

0.1640 (No. 8) 36 +46 46 % 0. 164-+-0.0000 $2 3% 0.070 | % 4 ~ 
—0.0030 | 

0.1900 (No. 10) 32 3% 36 \y 0.190+0.0000 4 3% 0.070 ) ots 2,190 
—0.0054 

0.2500 (14) 28 6 4% 349 0.250+0.0000 249 “6 0.076 leo 4 4,070 
—0.0062 

0.3125 (36 24 V4 My % «=| 0.3125+0.0000) 2% “6 0.076 4 +46 6,550 
—().0066 

0.3750 (3¢ 24 % % $9 0.375 +-0.0000 139 6 0.106 6, 3 10,100 
—0.0066 

0.4375 (746 20 5 5% 4 0.4375 +0.0000 os % 0.106 34, % 13,620 
—0.0072 

0.5000 (14 20 34 34 29 0.500 +0 .0000 46 lig 0.106 64 ly 18,580 
—0.0072 

0 5625 at 18 KZ 1% 16 Q 5625 +() 0000 4 34 0 141 64 "16 23 .600 
—0.0082 

0). 6250 18 136 154 16 0 .625+-0.0000 ig 1346 0.141 bs 5 30,000 


—0. 0082 








Bolt lengths 4 to 8 in. by -in. increments. 

Where L is shorter than F, bolt is to be threaded entire length. 

Threads are American Standard (NF), with Class 3 tolerances. 

?Finished sizes include plating or protective coating. 

Physical Properties.- 


Assembled bolts shall show required minimum tensile-strength when tested in tension between 
the nut 


Bolts shall stand cold-bending in the plain part without fracture through an 
diameter of the bolt. In short bolts the test may be made in threaded part. 

Varking Bolts conforming to these specifications shall be 

Bolts conforming entirely 


angle of 180 deg. over a diameter 


marked with a triangle as shown. 


to Army-Navy material specifications shall be marked with X in place of the triangk 
Bolts not marked in either manner will be understood to be made from low-strength material, 


PLAIN HEXAGONAL NUTS 


AERONAUTIC B 
(S.A.E. Standard) Threads Width Full- 


Nominal Size A? | per Inch® Across Strength 
ot~y— Flats Nuts 
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Physical Properties —Nuts shall be manufactured from bar 
steel having the following physical properties: 


Tensile strength (minimum), lb. per sq. in. 70,000 
Yield point (minimum), lb. per sq. in. 50,000 
Elongation (minimum), in 2 in., per cent 10 
Reduction of Area, (minimum) per cent 40 


Nuts shall withstand being increased 25 per cent of their 
original internal diameter without fracture and decreased 25 
per cent of their internal diameter without failure 


BALL HEXAGON-HEAD BOLTS AND NUTS 
AERONAUTIC 
(S.A.E. Recommended Practice) 


The Division also recommends that the present S.A.E. 
Specifications on Ball Hexagon-Head Bolts and Nuts, pp. 
290 and 291 of the 1928 edition of the S.A.E. HANDBOOK, be 
revised as follows: 


30 (0.) 


Ty 
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Max Rad.(T.0.)0.01" 
a fad. A-... a 





B D 
Nominal Bolt Threads} Bolt Diameter Width 
Size, A per Inch! Limits, A? Across 
Flats 
0.1640 (No. 8 36 0. 1640+0.0000 M46 ly 
—0.0030 
0.1900 (No. 10 32 0.1900 +0.0000 36 arf 
—().0054 
0.2500 (44 28 0.2500 +0.0000 ( é4 
—(). 0062 
0.3125 (% 24 0.3125+ 9.0000 ly ly 
—(). 0066 
0.3750 (°¢ 24 0.3750+0.0000 af 46 
—().0066 
0.4375 (% 20 0.4375 +0 .0000 Lie ah 
—().0072 
0.5000 (1% 20 0.5000 +0 .0000 ‘ g 
—().0072 
0.5625 (% 18 0.5625+0.0000 i% 
—0. 0082 
0.6250 (°% 18 0.6250+0.0000 aa fs 64 


—(). 0082 


1'Threads are American Standard (NF), with Class 3 tolerances 


2 Finished sizes include plating or protective coating 

°G—F-+I. 

* Physical Properties.—Assembled bolts shall show required n 
the nut 


Bolts shall stand cold-bending in the plain part without fracture 


SMALL AIRCRAFT-FITTINGS 


A Subdivision under the Chairmanship of Edward P. 
Warner, Chairman of the Aeronautic Division, was ap- 
pointed to recommend specifications on hardware and small 
fittings for which there are existing AN Specifications. 
After thorough consideration of such standards, the Sub- 
division recommended to the Division the adoption of the 
AN dimensional Specifications on Eye-Bolts, Flat Washers, 
Pulleys, Rigid Terminals, Shackles and Turnbuckles. The 
specifications are also to include material requirements in 
terms of physical properties and a method of marking to 
distinguish the products made according to the physical- 
properties specifications from those made of low-strength 
steel. 

The Division recommends the approval as S.A.E. Stand- 
ards of the specifications on the following page. 


“4 
35770) 2 (7.D) 
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E F Tensile 
D Width Ball Ball Castle Nuts Strength 
Radius Across |Hexagon “ Mini- 
Flats Nuts G H I mum )# 
38 38 * 464 M4 64 64 aia 
a 7 8 * 64 4 64 64 2,190 
’8 aC * 64 6A 64 9 3.070 
fe l4 4 64 6 , 550 
16 mt at 1 ly 10,100 
2 y S . 64 “A Mg Mg 13,620 
4 34 3% af 14 6 18.580 
Q g é 23 .600 
Ye 6 | 64 196) 9 4 30,000 
id ; 
inimum tensile-strength when tested in tension between the head and 
through an angle of 180 deg. over a diameter equal to the 


diameter of the bolt. In short bolts the test may be made in threaded part ; 
Marking.—Bolts conforming to these specifications shall be marked with a triangie as shown. 


Bolts conforming entirely to Army-Navy material specifications 


shall be marked with X in place of the tria 


Bolts not marked in either manner will be understood to be made from low-strength material 


Vol. XXII 


June, 1928 


No. 6 





A3 
Bolt Diameter 


0.190 +0.0000 
—0.0054 


0.250 +0.0000 
—0 .0062 


0.3125+0.0000 
—0.0066 


0.3125+0.0000 
—0 .0066 


0.375 +0.0000 
0.0066 


0.4375+0.0000 
0.0072 


0.500 +0.0000 
—{().0072 


0.5625+0.0000 
0.0072 


Standard bolt lengths (L) ! 
* Where length of bolt (L) is shorter than C (thread length), bolt 
include plating or protective coating. 


Finished sizes 


REPORTS OF STANDARDS COMMITTEE DIVISIONS 


EYE-BOLTS 
(S.A.E. Standard) 


F >i F >be Fl > 


| SEENOTET KC »_-B 
6-... Ee ; 
ev 


oy ke-|| 4 >+ 2k 
7 Pad +2 ons --- Max. 2 Imper fect Thds. 
>K he 


0.000 “” 
13. R, 
6 ad 





' hi 


K 
St = 
ve ae K 


.Chamfer 


a“ * 42 


Alternate End 


Method of Marking*® 






‘po Rad 


¢ | 
Tensile Thread 
Strength, B‘ | Length | | 
Lb.® Thread |See Note} D E F G H ee J | K 
(Min. 2 Rad. | | Rad. 
2,190 10-32 36 Wy | 136 Veo Ve 0.188+0.010 “ig Ve 0.094 
—0.000 +().005 
1,070 | 14-28 yA % 136 Lg 44 | 0.188+0.010 | % VA 0.125 
—0.000 +(). 005 
6,550 ig-24 y 16 oe M7 9 A & 16 1] 250+0 010 S69 y) 16 0.188 
| —0.000 | +(). 005 
10,100 Mig724 “46 ay fi 196, 364 Ile 0.313+0.010 366 Ile, 0.188 
—0.000 +().005 
13,620 3-24 “6 13¢5 Yen | Gy 38 0.375+0.010 365 3 0.188 
—0.000 =(). 005 
18.580 . 16-20 "16 . 4 > / 39 1 16 “16 } ) 375+0 010 1 Rg 46 0.250 
—0.000 }=0.005 
23 ,600 15-20 lig “6 1346 Ly 14 |0.43875+0.010 lg ly 0.3125 
—0.000 +(). 005 
30,000 %ie-18 34 3% 1346 rf 1969 0.500+0.010 1¢ 1965 0.375 


—0.000 +=().005 


+3/64, 1/64 


+ to § in. by -in. increments. Tolerances on length, 
is to be threaded entire length. 


*Threads are American Standard (NF), with Class 3 tolerances. 


All dimensions in inches. 
° Physical Properties.—Assembled bolts shall show required 


and the nut 


Tolerances are +0.010 except where otherwise indicated. 


701 


N 
Drill M 


Size 


No. 50 7 
(0.070) | 


No. 48 | 4 
(0.076) 


No. 48 | 54 
(0.076) 

No. 48 | lig 
(0.076) 


No. 36 | % 
(0.106) 
No. 36 | % 
(0.106) 


| 


No. 36 | 1 
(0.106) | 


No. 28 1% 
(0.141) 


minimum tensile-strength when tested in tension between the head 


Bolts shail stand cold-bending in the plain part without fracture through an angle of 180 deg. over a diameter equal to the diameter 
of the bolt. 


In short bolts the test may be made in threaded part. 


© Marking Bolts conforming to these specifications shall be marked with a triangle, as shown. 
Bolts conforming entirely to Army-Navy material specifications shall be marked with X in place of the triangle. 
Bolts not marked in either manner will be understood to be made 


U 


\) 


nd 


H > 


Ye ® A / on \ 
Bet Cop 
“wail y 
| 


from low-strength material. 


FLAT WASHERS 
(S.A.E. Standard) 
PULLEYS, NON-METALLIC 
I | (S.A.E. Standard) 
+ 
| 


AK-T 





> k-7 
. 
Large | Small 
Nominal H | / - 
Bolt Size D T D ‘i 
y 1! | 5 
No. Ss | M64 tree sie ie | 716 | Le9 
No. 10 13 “8 “ig 3% leo 
17 | 
M4 64 1s 46 4 6|COCOM6 
: 21 3 9 
16 64 1% “6 ”’G 6 
3 25 a 1 
v4 | 3764 1% 16 M6 46 
46 “764 1346 Mio | Te 40 
4 64 2 1/19 16 M46 
A oy 930. 1 1! Ly, . ean 2 
<16 Mh, aa +: Ay 16 (See p. 702 for table) 
“8 AA 28 io ] 8 V6 








ae Oe re eet 


” 
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No. 6 


where 


cable 


cable 


0.313 


0.500 


0.625 


0.813 


| 0.938 


_ | Cable se. ae Sai 
No. Size A B C | +0.002; E | F | +0.015 
—0.002 | —0.015 - Pulley, i axe be used for ¥ and extra flexible cable 
a = J la! tS ne bend is 30° or less. 
P = 5 - P | - Pulley 2. £ ), bs ay 2x tra 2xi > Cé£ » rnere 
Bcd Mie~*2 %\|1%)| % 0.253 | 3% 42 he the ‘bend is aaa pat oo shale puboncseun uaa 
— | —- a oe ——— —T <1 bg be pee for %, #s and + extra flexible 
‘ 14-3 ‘ 91 3 } Ore , | bi 7 where the and is 20° less. 
2 16-732 2 “72 8 0. 253 “64 } “82 ‘AA Pulley 4. "To be weed —y 1%, so and ¥ extra flexible 
3 — rer 13 - 7 , cae 0.378 | se? 7 : é where the bend is greater than 30°. 
8° 782- 16 g |< 2 | Aa] 7 A6 
Mittin all L Treats ted ind PT. 
4 | ye-% | 2%) 3%) % 0.378 | 1% | 64 V6 
RIGID TERMINALS 
(S.A.E. Standard) 
Extent of Drill A” 88 
xtent of Drii Ss 
shatee, fa eors 4 S Se er 
Thd. U.S.Form So + phot SF -Drill A 
Jee Jable ~ ate Sa 
“i PF EB 
33° — e ameranggeet BA we 5 
ye by Lew dey - » 
Suateryenk Fo | ails te +0.010 Las 
; . | = -O. 00 r 
einen af Piette 
[+P Drilled Hole 
onal M- 
Li Holes and Slot to be central 
#56 (0. 046, Drill B and parallel withing 40.005 
— % = — — — — — 
| Tensile | | | | | 
Strength, | Drill | Drill for | | 
Hand} Mini- \Thread2 B a ie F G H I a | Threads | M S | 7 Y 
mum! | | | | 
.H. | | : | 
=] 1,000 | 6-40 | 1.313 | 0.188 | 0.250 | 0.109 | 0.375 | 0.031 | 0.147 | No. 33 | 0.250 | 0.375 | 0.625 | 0.250% 
4 a - . | | 0.1130 | | 
L.H. | 
—| 2,100 | 10-32 | 1.532 | 0.188 | 0.313 | 0.150 | 0.469 | 0.031 | 0.199 | No. 21 | 0.281 | 0.500 | 0.719 | 0.313%) 
R.H. | | | 0.1590 | | | | | 
L.H. | | 
Ra 3,400 | 4-28 | 1.813 0.250 | 0.438 | 0.203 | 0.625 | 0.047 | 0.261 | ie S | 0.375 | 0.625 | 0.875 | 0.438% 
: | 0.2130 | 
psa ; Ora ‘ bi 
L.H. | | | 
——| 4,600 | %%@-24 | 1.875 | 0.313 | 0.500 | 0.203 | 0.656 | 0.047 | 0.323 | 0.2703 | 0.438 | 0.688 | 0.938 | 0.563% 
R.H. | | | 
—— -| _ 
L.H. | 
“Ty 6,100 | %%»—-24 2.000 | 0.375 | 0.563 | 0.203 | 0.843 | 0.063 | 0.323 | 0.2703 | 0.453 | 0.750 | 1.000 | 0.563% 
| | 
alain js a ; 
——| 8,000 | *<-24 | 2.250 | 0.375 | 0.563 | 0.266 | 0.875 | 0.063 | 0.386 | 0.3320 | 0.547 | 0.875 | 1.125 | 0.688'1%6) 
R.H | 
raga : ‘ ~ enemas van 
L.H } | W | | | 
—}! 11,500 %e-20 | 2.500 | 0.438 | 0.719 | 0.344 | 1.000 | 0 O78 | 0.453 | 0.3360 0.625 | 1.063 1.250 | 0.75034 
R.H. | | | | | 
L.H. | | | 
sadn 15,500 | 144-20 | 2.813 | 0.500 | 0.813 | 0.406 | 1.183 | 0.078 | 0.516 | 0.4492 | 0.703 | 1.188 | 1.438 | 0.875%) 
R.H.| ; | el a 
1 Physical Properties.—Rigid terminals shall show the required minimum tensile-strength when tension is applied through 


screwed into the terminal and eye-bolt or plate holding the clevis pin in 
2? Threads are American Standard (NF), with Class 3 tolerances. 
Finished sizes include plating or protective coating. 
All dimensions in inches. 


from the 6-40 to the %-20 shall withstand a bend of 45 deg.; the -18 


Tolerances are +0.010, except where otherwise 
The bend test shall be made on the unbroken forked terminal by bending each side outward from its original position. 
and 


the fork end. 


indicated. 


54-18, a bend of 


a stay 


The terminals 


15 deg., without cracking. 
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SHACKLES 
(S.A.E. Standard) 


NOTE. Drill holes central and 
parallel wittun t 0.005 





















































End for 8000 Ib,12,500Ib, 
and 17,500 Ib.Shackles 
. | | 
Shackle | a | 
and Cable ae AT Fiadls K |i@ | tofe@eace Cie 
No. | Strength’, | +0.010 | +0.010 | | | | | | | 
Lb. | —0.000 | -—0.000 | | | | | 

-—-. | a 0.188 0.109 | 0.250 | 0.260 | 0.172 | 0.172 | 0.172 | 0.172 | 0.031 | 0.250 | 0.563 | 0.375 

ss — ————S . - | cates |- 
16 1,600 0.188 | 0.150 | 0.313 | 0.250 | 0.172 | 0.172 | 0.172 | 0.172 | 0.031 | 0.250 | 0.563 | 0.375 
21 2,100 0.188 | 0.150 | 0.313 | 0.281 | 0.172 | 0.172 | 0.172 | 0.172 | 0.031 | 0.250 | 0.563 | 0.375 
32 3,200 0.250 0.203 | 0.438 | 0.313 | 0.219 | 0.219 | 0.250 | 0.250 | 0.031 | 0.375 | 0.750 | 0.438 
46 4,600 0.313 0.203 | 0.500 | 0.375 | 0.219 | 0.219 | 0.281 | 0.281 | 0.063 | 0.438 | 0.813 | 0.500 
61 6,100 0.375 0.203 | 0.563 | 0.375 | 0.281 | 0.281 | 0.313 | 0.313 | 0.063 | 0.500 | 0.875 | 0.500 
— - } = — — — | - ——? — ae _ — } :- _ | — 
80 8,000 0.375 | 0.266 | 0.563 | 0.406 | 0.375 | 0.375 | 0.438 | 0.375 | 0.063 | 0.438 | 1.000 | 0.406 
— aia sini —— a ona | ” ™ “ lewastine m | _ | coal 
125 12, 500 0.438 0.360 | 0.719 | 0.531 | 0.469 | 0.469 | 0.594 | 0.469 | 0.094 | 0.625 | 1.125 | 0.750 
Se Seat auk oT oe ahah patient Rater | & S Phe 20s ; 
175 17, 500 0.500 0.406 | 0.813 | 0.625 | 0.563 | 0.563 | 0.688 | 0.563 | 0.125 | 0.625 | 1.250 | 0.500 











1 Physical Properties.—Shackles shall show the ultimate strength required when subjected to a tensile test. 
jected to a bend test made by opening the shackle and bending flat, shall show no signs of cracking. 

Finished sizes include plating or protective coating. 

All dimensions in inches. Tolerances are +0.010 except where otherwise indicated. 


Shackles, when sub- 

















TURNBUCKLES 
(S.A.E. Standard) 
eS Pe ee p- Threads flush with ends TURNBUCKLE WaIGnts 
—° . -- (General Information) 
Short Type 

Strength, Approximate Weight, 

Lb. Lb. 

800 0.030 

1,600 0.065 

2,100 0.084 

3,200 0.112 

4,600 0.165 

Long Type 

Assembly No.2 Cable-Eye and Cable-Eye 1,600 0.094 

2,100 0.116 

a p Threads flushwithends __ ry pay ti. 

sitet ia oa 

8,000 0.420 

12,500 0.630 

Assembly No.3 Cable-Eye and Fork 17,500 0.935 


a ind 
oe: 
P=§" 
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704 
Strength, 
Hand Lb. 
L. H. 
—— — SOO 
R. H. 
L. H. 
ah 1,600 
R. H. 
L. H. 
2,100 
R. H. | 
L. H. 
- 3,200 
R. H 
L. H 
_ ~ 4,600 
? R. H. 
CFF. 
—_——— - 1,600 
R.H. | 
L. H. 
—— - 2,100 
R. H 
L. H. 
— 3,200 
a | 
L. H. 
—_—_ 4,600 
R. H. 
L. H. 
—_—____—_-— 6,100 
R. H. 
L. H 
— 8.000 
R. H 
L. H. 
—— | 12,500 
R.H. | 
L. H. 
— — 17,500 
__R. A. 


1 Threads are 
Finished sizes include 
All dimensions in inches. 


Thread! 


6-40 


10-32 


12-28 


y 16 2( ) 


14-20 





Physical Properties.- 


specified. 


The shanks shall be machined preferably from heat-treated cold-drawn or c 
treated cold-drawn or cold-rolled bars, they shall be heat-treated after machining to give the physical properties specified. 
Turnbuckle shanks meeting the tensile 


deg. 


without failing 


or 


American Standard 


plating or 


cracking. 


Tha U.S.Form 





0.138 


0.190 


0.216 


S. A. E. JOURNAL 


*0.006 


E 
+(). OOOO 
—(0.0048 


+0 .0000 
—0.0054 


+0 .0000 
—0.0062 


+0. 0000 


—0.0062 


0.3125+0.0000 


0.190 
0.216 


0.250 


0.4375 


0.500 


(NF), 


test 


with Class 
r protective 
Tolerances are 


—0.0066 


+0 .0000 
—0.0054 


+0. 0000 
—(Q.0062 


+0. 0000 
—Q.0062 
+0 .0000 
|—0. 0066 


+0.0000 
—0.0066 


5 |} +0.0000 


—0.0066 


+0 .0000 


—0.0000 


+0. 0000 
—0.0072 


coating. 


without 


-0.000, 


S Rad. 
4 fs 


| 
| 


+0.010 except where otherwise 
~Turnbuckle cable-eyes shall be subjected to a 


breaking shall be 


CABLE EYE 


Lye must be central 
#+0.0/0 + 
AKT ~0.000 Ps within 20.005 





The Tolerance 
Specified for pitch 
diameter includes al// 
errors of pitch diameter, 
lead and pitch 


Short 


0.188 | 0.094 | 0.125 | 0.031 | 0.125 |-0.375 | 0.094 | 0.375 | 1.125 


0.219 | 0.133 | 0.156 | 0.031 | 0.188 | 0.500 | 0.172 | 0.500 | 1.125 


0.219 | 0.155 | 0.156 | 0.031 | 0.188 | 0.500 | 0.172 


0.281 | 0.189 | 0.219 | 0.047 | 0.219 | 0.625 | 0.203 | 0.625 | 1 


0.313 | 0.243 | 0.250 | 0.047 | 0.281 0.688 | 


— 


sng 


0.219 | 0 156 | 0.031 | 0 


188 | 0.500 | 0.172 | 0.500 | 2.000 


0.219 | 0.158: 


vt 


156 | 0.031 | 0.188 | 0.500 | 0.172 | 0.563 | 2.000 


0.281 0.189 | 0.219 | 0.047 | 0.219 | 0.625 | 0.203 | 0.625 | 2.000 


250 | 0.047 | 0.281 0.688 | 0.250 ' 0.750 | 2.000 


0.344 | 0.256 | 0.281 | 0.063 | 0.281 | 0.750 | 0.313 | 0.875 | 2.000 


0.375 | 0.306 | 0.281 | 0.063 | 0.328 | 0.8 


on 
-_ 
Ww 
~J 
or 


875 | 2.000 


0.469 | 0.362 | 0.359 | 0.078 | 0.375 | 1 


063 | 0.453 | 1.000 | 2.375 
| 
0.563 0.425 0.406 0.078 0.469 1.188 | 0.500 1.000 2.625 


3 tolerances. 


indicated. 


tensile test after plating and shall withstand the test load 


cold-rolled bars. If shanks are not made from heat- 


held in a square-nose vise and bent through an angle of 90 


—————————————————————————— 


Vv 
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ae J 49-00 


Tha.U.S.Form R.H. +0006 Rad~| -0.000 








me 
\ +0.0/0 
——F6 eit 
0.005 


ws & eS 














LT ‘+0.0/0 
40.00. LL 
Me ee 
Short 
Strength, | 
Lb. || Thread*| E C D Pp Pings Gag Sah. Qc ale 
0.138 +0.0000 
800 | 6-40 —0.0048 | 0.094 | 0.188 | 0.250 | 0.109 | 0.375 | 0.031 | 0.375 | 0.375 | 1.12% 








0.190 +0.0000 








1,600 | 10-32 —0.0054 | 0.133 0.188 | 0.313 | 0.150 0.469 | 0.031 0.500 0.500 | 1.125 
0.216 +0.0000 | 
2,100 | 12-28 | —0.0062 | 0.155 0.188 0.313 0.150 0.562 | 0.031 0.500 | 0.563 | 1.125 





0.250 +0.0000 



































3,200 | 14-28 —0.0062 | 0.189 0.250 0.438 0.203 0.625 0.047 0.625 0.625 | 1.125 
0.3125-+0.0000 

4,600 | 56-24 —0.0066 | 0.243 0.313 0.500 | 0.203 0.656 | 0.047 0.688 0.750 1.125 

Long 

0.190 +0.0000 

1,600 , 10-32 —0.0054 | 0.133 0.188 | 0.313 0.150 0.469 0.031 | 0.500 0.500 2.000 

| 0.216 +0.0000 | | 

2,100 | 12-28 | —0.0062 | 0.155 0.188 0.313 | 0.150 0.562 | 0.031 0.500 0.563 2.000 
0.250 +0.0000 | 

3,200 | 14-28 —0.0062 | 0.189 | 0.250 | 0.488 0. 203 0.625 | 0.047 | 0.625 0.625 | 2.000 
0.3125+0.0000 

4,600 | 5-24 —0.0066 | 0.243 0.313 0.500 0.203 0.656 0.047 | 0.688 | 0.750 2.000 
0.375 +0.0000 , | 

6,100 | 3<-24 —0.0066 | 0.256 0.375 0.563 | 0.203 0.843 | 0.063 0.750 0.875 2.000 
0.375 +0.0000 | 

8,000 | 3<-24 —0.0066 | 0.306 | 0.375 | 0.563 0.266 | 0.875 0.063 | 0.875 0.875 | 2.000 
0.4375 +0.0000 

12,500 | 7%-20 —0.0072 | 0.362 0.438 0.719 | 0.344 | 1.000 | 0.078 1.063 1.000 2.375 

| 0.500 +0.0000 | 
17,500 | 14-20 —0.0072 | 0.425 0.500 0.813 | 0.406 1.188 | 0.078 1.188 1.000 2.625 





Threads are American Standard (NF), with Class 3 tolerances. 

Finished sizes include plating or protective coating. 

All dimensions in inches. Tolerances are +0.010 except where otherwise indicated. 

Physical Properties.—Turnbuckle forks shall be subjected to a tensile test after plating and shall withstand the test load specified. 

The forks shall be machined preferably from heat-treated cold-drawn or cold-rolled bars. If forks are not made from heat-treated 
cold-drawn or cold-rolled bars, they shall be heat-treated after machining to give the physical properties specified. 

Turnbuckle forks meeting the tensile test without breaking shall be held in a square-nose vise, and bent through an angle of 90 
deg. without failing or cracking. 
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PIN EYE 
Hole must be central 
whet 220 / within 0.005 
Thd. U.S. Form RH. Shad. 000, 3 
/ 5 




















; 2 \ 
Win l aE. 
E MNMlnij—e— = ——i Li 9 
+0.006 ' ~ | ee ae 
-0.000 et ee 
at ‘ 
one 
Short 
Strength, 
Lb. Thread! Pitch Diameter D 4 F/2 I J S Y Z 
800 6—40 0.1218+0.0000 0.188 0.094 0.125 0.031 0.125 0.375 0.375 1.125 
—0.0017 
1,600 10-32 0.1697+0.0000 | 0.188 | 0.133 | 0.156 | 0.031 0.188 | 0.500 | 0.500 1.125 
—0.0019 
2,100 | 12-28 0.1928+0.0000 | 0.188 | 0.155 | 0.156 | 0.031 0.188 | 0.500 | 0.563 1.125 
} —0.0022 
3, 200 14-28 0.2268 +0 .0000 0.250 0.189 0.219 0.047 0.219 0.625 0.625 1.125 
—0.0022 
4,600 54-24 0.2854+0.0000 | 0.313 | 0.243 | 0.250 | 0.047 | 0.281 | 0.688 | 0.750 1.125 
—0.0024 
Long 
1,600 ! 10-32 0.1697+0.0000 | 0.188 0.133 0.156 0.031 0.188 0.500 0.500 2.000 
} —0.0019 
2,100 12-28 0.1928 +0.0000 0.188 0.155 0.156 0.031 0.188 0.500 : O 563 2.000 
| —0.0022 
3,200 14-28 0.2260 +0 .0000 0.250 0.189 0.219 0.047 0.219 0.625 0.625 2.000 
—().0022 
4,600 546-24 | 0.2854+0.0000 | 0.313 0.243 0.250 0.047 0.281 0.688 0.750 2.000 
—0.0024 | 
6,100 34-24 0.3479 +0.0000 0.375 0.256 0.281 0.063 0.281 0.750 0.875 2.000 
—0.0024 
8,000 34-24 | 0.3479+0.0000 0.375 0.306 0.281 0.063 0.328 0.875 0.875 2.000 
—0.0024 
12,500 74-20 0.4050+0.0000 | 0.438 | 0.362 | 0.359 | 0.078 | 0.375 1.063 1.000 | 2.375 
—0.0026 
17 ,500 14-20 0.4675+0.0000 0.500 0.425 0.406 0.078 0.469 1.188 | 1.000 2.625 


—0.0026 





1 Threads are American Standard (NF), with Class 3 tolerances. 

Finished sizes include plating or protective coating. 

All dimensions in inches. Tolerances are +0.010 except where otherwise indicated. 

Physical Properties.—Turnbuckle pin-eyes shall be subjected to a tensile test after plating and shall withstand the test load 
specified. 

The pin eye shall be machined preferably from heat-treated cold-drawn or cold-rolled bars. If pin eyes are not made from 
heat-treated cold-drawn or cold-rolled bars, they shall be heat-treated after machining to give physical properties specified. 

Turnbuckle pin-eyes meeting the tensile test without breaking shall be held in a square-nose vise and bent through an angle of 90 
deg. without failing or cracking. 


gen CR 
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thf. 
oe aut ac ouaeea me 
7, ILL LLL 
center. Hole 


















































to be cerrtral Drill 7289857 sess M to.005 u's. 5 Fare RH 
and paralle/ Thad to center 
within 20.005 
Short 
a. | Thread | L | M | N &. fo ae 
“800 | 640 | 0.250 \ 0.219 | 0.188 | 2.25 0.125 
1,600 10-32 | 0.375 | 0.281 | 0. 250 | 2.25 0.125, 
2,100 | a 23 | 0.375 | ( a 0.281 | | 2.25 0.125 
py 3.200 | %28 | 0.438 | | 0. 391 | 0.328 | 2.25 0. 0.125 
4,600 | ig ac 0.500 ti 0.438 | 0.406 | 2.25 | 0.125. 
‘ : ais; aiciaiae ihe: 
1,600 | 10-32 | 0.375 | 0.281 jo 0.250, | 4.00 | 0.125, 
2,100 | 12-28 | 0.375 | 0.328 |° 0.281 | 4.00 | 0.125 
“3,20 | %& 28 | 0.438 | 0. 391 | 0.328 | 4.00 | 0.125 
4,600 |  %%-24 500 | | 0.438 | 0.406 | 4.00 | 0.125 
6,100 3¢-24 | 0.625 | 0.594 | To. 469 | 4.00 | 0.125 
$.000 | | | ee ‘ 
"42,500 | —Ye-20 20 | 0.750 | | “0.688 | 0.563 | 4.25 | 0.188 
17,500 | %20 | 0.875 | | 0.813 | 0.625 | 4.25 | 1.88 
| | | 








‘Threads are American Standard (NF), with Class 3 tolerances. 

All dimensions in inches. Tolerances are +0.010 except where 
otherwise indicated. 

Physical Properties.—Barrels shall be made of rolled brass to 
provide the following physical properties: 


Tensile strength (minimum), lb. per sq. in. 67,000 
Yield point (minimum), Ib. per sq. in. 45, 000 
Elongation (minimum) in 2 in., per cent 22 
Reduction of area (minimum), per cent 45 


PROPELLER HUBS 


By far the most important subject taken under considera- 
tion by the Aeronautic Division is that of propeller-hub 
shaft ends to secure interchangeability of propellers on en- 
gines of the same general size. 

The Subdivision, which was appointed under the Chair- 
manship of Capt. L. M. Woolson, of the Packard Motor Car 
Co., to study the various existing shaft ends with a view to 
determining a series of standard designs, presented at the 
Aeronautic Division meeting a report involving four speci- 
fications. 

The first specification is a taper suitable for and in use 
on low-horsepower engines such as Curtiss OX-5, Pitcairn, 
Floco, LeBlond and Allison. While tapers are not generally 
regarded as highly satisfactory for the mounting of pro- 
pellers, this size was included in view of its apparent wide- 
spread use on engines of the type mentioned. 

The proposed No. 2 shaft end, as submitted in the orig- 
inal report, is also a taper, the dimensions of which con- 
form to the shaft ends of the Wright Whirlwind engine 
and the Curtiss C-6. Developments occurring since the Sub- 
division’s report was prepared have indicated the elimina- 
tion, in the near future, of this design in favor of a spline 
shaft, as this latter type of shaft end represents better 
design. It is therefore suggested that the proposed No. 2 
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design, as shown, be eliminated from consideration with 
the understanding that at the next Standards Committee 
meeting the details of a spline shaft for engines of this 
class be submitted for consideration. 

The proposed No. 3 shaft, as incorporated in the original 
report, is an eight-spline design which heretofore has found 
considerable use. As a result of the changes and develop- 
ments referred to in the comments on the No. 2 design, it 
seems unwise at this time to accept this design as a stand- 
ard. While no decision has been reached for engines in this 
class, there is some likelihood that a 16-spline shaft end that 
is shorter may be adopted generally by engine builders. 
Therefore it seems advisable that no action be taken on the 
proposed No. 3 design until further consideration has been 
given to the possibility of approving a short 16-spline shaft 
in place of this specification. 

The proposed No. 4 16-spline shaft end is well standard- 
ized in practice today and is the generally accepted shaft 
end for engines of larger size. 

The Division recommends that consideration be given by 
the Standards Committee only to the Nos. 1 and 4 proposed 
shaft ends, permitting the Division and Subdivision to un- 
dertake further developments on the Nos. 2 and 3 sizes. It 
has been suggested that the No. 1 taper also be eliminated 
from S.A.E. Standards in the belief that the use of this will 
ultimately be discontinued and that to adopt it as a standard 
might hinder its elimination in favor of the spline design. 

It is possible that the Division, working with the Sub- 
division, may be able to complete a new proposed No. 3 
design prior to the Standards Committee Meeting. If so, 
this will be presented to the Standards Committee as a 
special item and will not be incorporated in these reports. 
The entire original report is published herewith for infor- 
mation, with the understanding that when the specifica- 
cations are printed in the S.A.E. HANDBOOK they will be in 
the form of working drawings for each of the shaft ends 
approved, such drawings to include limits and tolerances 


or dimensions affecting the interchangeability rather than 
the basic dimensions as given herewith. 


PROPELLER-HUB SHAFT ENDS 








Taper Key 





Angle | Dia. at | Dia. at | | | 
Length| In- Small | Large | Length | Width | Thick- 
| cluded End End ness 
= . a 
55 |544"! 1.5385 | 2.05 3 | &% 4 
| 1 : 2 | | 








|_per ft. 


























Taper Key 
Angle | Dia. at | Dia. at " 
Length| In- Small Large | Length | Widtn | Thick- 
cluded | End End | ness 
| 5°4'4 ” 
7 : a= 1.662 2.362 5% 0.472 14 
per ft. yaag 
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PROPELLER-HUB SHAFT ENDS 








Splines 








Cone Splines Cone 
Length | Angle Length Angle 
Ef- | Width | Large| Small | No. | Length} In- sarge Ef- | Width | Large} Small | No. | Length} In- | Large 
fective | Dia. Dia. cluded Dia. fective Dia. Dia. cluded Dia 
4% | 0.500 | 2.495) 2.219 | 8 14 17 3.1875 41, | 0.304 | 3.125) 2.875 | 16] 1% 30 3.875 
Bas to my, & ‘a | ; 
Note: The propeller-shaft 


dimensions tabulated above are 
limited to those dimensions necessary to assure interchangeability 
of propeller-hubs in large sizes. Propeller-hub retaining 

have not been included in the specifications, since considerable 
variations exist in-present practice as to type of nut and thread, 


which features do-not effect the interchangeability of the propel- 
ler-hubs 


GENERATOR MOUNTINGS 


The Division recommends the approval of the following 
specification on generator-mounting dimensions as an 
S.A.E. Standard. This represents the general practice on 
virtually all generators and engines produced at present. 


means 


ENGINE-STARTER MOUNTINGS 


In present practice, engine starters have generally uni- 
form mounting-flange dimensions, and consequently the 
Subdivision appointed to consider this subject formulated a 


(See upper cut on facing page) 





FUEL-PUMP MOUNTINGS 


The Division recommends the approval of the following 
specification on fuel-pump mounting dimensions as an 
S.A.E. Standard. This represents the general practice on 
virtually all fuel-pump mountings at present. 


(See central cut on facing page) 


51x Studs 
Equally Spaced 








report to the Aeronautic Division recommending the follow- 
ing dimensional specifications. While it is realized that 
improved designs may require additional mounting-dimen- 
sion specifications for any new sizes that may be developed, 


it is felt that the proposed specifications cover the require- 
ments at present. 


this matter 
Division 


A Subdivision has been appointed to give 
further consideration. In the meantime, the 
recommends that the Standards Committee ap- 
prove the following specifications as an S.A.E. Standard: 


15” End of Starter Shatt 
in Extreme Outer Position 
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PROPOSED ENGINE-STARTER MOUNTING 
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PROPOSED GENERATOR MOUNTING 
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PROPOSED FUEL-PUMP MOUNTING 


AERONAUTIC INSTRUMENT MOUNTINGS 
(S.A.E. Recommended Practice) 





INSTRUMENT MOUNTINGS 


Although the original Subdivision report, as presented by 
Chairman Black of the Aeronautic Division, recommended 
that no specifications on instrument mountings be approved 
at this time, it was the Division’s opinion, as expressed by H 
those at the meeting on April 18, that some dimensions ‘ 
should be provided for mounting instruments, as general 
dimensions are almost identical. Therefore, it was recom- A 
mended that mounting dimensions for altimeters, air-speed 
indicators, tachometers, pressure-gages and thermometers 
be approved as S.A.E. Recommended Practice, such dimen- : te Be it al a 
sions to apply only to mounting holes and bolt spacings, it | ae ea 

















being understood that the Subdivision will continue its effort Instrument A C | C H 

to standardize the general dimensions and connections on Max. | 

the various makes of each type of instrument. an we . | eo er 
ota ; — en Tachometer 434 4% | 43% 90 deg. 
The following specification is recommended for approval tied Gate Aes 5 SEBS. 

ae ¢ . » a ? i Ti : . 7? R : | 

as an S.A.E. Recommended Practice: Air-Speed Indicator ae 3.9 | 4% 90 deg. 

Temperature Gages 3% | We | Ws 120 deg. 





Altimeter | 4% | 383% 41% 90 deg. 
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Electrical-Equipment Division 


PERSONNEL 
A. R. Lewellen, Chairman Chevrolet Motor Co. 
D. M. Pierson, Vice-Chair- 
man 
Azel Ames 


Dodge Brothers 
Kerite Insulated Wire & 
Cable Co. 


A. K. Brumbaugh White Motor Co. 


D. S. Cole Leece-Neville Co. 

W. S. Haggott Packard Electric Co. 

T. L. Lee North East Electric Co. 
B. M. Leece Leece-Neville Co. 


L. E. Lighton 


Electric Storage Battery Co. 
F. H. Prescott 


Delco-Remy Corporation 


B. M. Smarr General Motors Corporation 
T. E. Wagar Studebaker Corporation 
J. C. Wood Olds Motor Works 


CABLE TERMINALS 


Herewith is quoted that part of the report of the Sub- 
division on Cable Terminals dealing with the proposed re- 
vision of present S.A.E. Specifications. It is recommended 
that: 


Cable terminals, as shown on p. 115 of the 1928 
edition of the S.A.E. HANDBOOK, be revised as shown 
in Table 1. 


Side-type cable terminals, as shown on p. 116 of the 
1928 Edition of the S.A.E. HANDBOOK, be revised as 
shown in Table 2. 


The roll type of cable terminals, as shown on p. 117 


of the 1928 edition of the S.A.E. HANDBOOK, be dis- 
continued. 


The tubular type of cable terminals for starting- 
motors, as shown on p. 118 of the 1928 edition of the 
S.A.E. HANDBOOK, be continued, with the note added 
“To be used on small production and for service work 
only.” 

The addition of the open-wing type of cable ter- 
minal, as shown in Table 3, is recommended. This is 
to be specified as a preferred design and for quantity 
production, as it is better for assembly and inspection 
and will give better soldered joints. 


These revisions have been approved by the Electrical- 
Equipment Division and are recommended to the Standards 
Committee for approval in accordance with the following 
revised tables: 


TABLE 1—STRAIGHT-TYPE CABLE TERMINALS 


Termi- 




















Thick- 
ane nal No. a b C e f gq h ness 
Hole Optional ~ reas enantisaae aaee x : ee 
id —x : Al 10.190 | 2%, l4 346 11g, 13% ys lm | lZ 
al — - - | bad ] ~ ) oe J Dy4 4 
$ <i ul =} 0.195 | | 
| 
A2 | 0.253 02 4% | & 46 % “%~ M4 “82 
| 0.258 } 
| 
As | 0.320 254, ve 14 VE % i€ 14 Yep 
0.325 | 
A4 | 0.400 254, 5% A A % U% 4 0.040 
| 0.406 
<- . . . 
i. 32) Alternate Construction.—The wings which clamp the cable may be cut square as 
. indicated by dotted lines. : 

Material.—Soft sheet copper, S.A.E. Specification No. 71 or soft sheet brass S.A.E. 
Specification No. 70. 

Terminals shall be free from burrs, corrosion or any foreign matter. The temper 
of the terminals shall be sufficiently soft to permit the terminal being assembled with 
the wings closed and without fracture or cracks in the terminal, which would impair 
the strength of the assembly. 

TABLE 2—SIDE-TYPE CABLE TERMINALS 
Termi- | Thick- 
nal No.| a C1. e re@ies Fe ie pai zis L | min | ness 

Bl 0.125 le 346 739 AE 14} 3 x9 164 y 16 ) 9 32 | Yel 34 39 

0.128) 
B 2 0. 190} % | Ke 6 a 39 lg 340 | 364 346 4 3364) 7x 2 
iO. 195} | 
Cc rad | | } 
ere” aE = 3 19.190) 114 | 7 3 3 ae Set ae Van A yA we | le 
e ~ 6 ws «I ++ <2. “ ee ~ Ne ila . A ’ oP Ben " “ . 
a RS Mts St x +] eles 
Z O)| 1 7 3 " V4 3% | 2 
-kxb> , ik B4 0. 190) ‘0 | Ye | %| | % 32 64 | % | 64) 49 2 
-h "ie la 10.195 
| 7 . 2 «- ni > | | | | | 
A rg SE; B 5 10. 253) 146 046 | 4 1 9 % | oo | ro) Ve 1 4 | ] 2 | 13%) 1% 0 040 
pP.me | | 
ey ‘ Si 
B 6 0.320) “6 l4 re 34 j 16 | 116, | %~ 22 ie 14 | 13%) 1 16 0 040 
0.325 
| | | 
B7 0.400) % | 14 | 34 | 34 | Me |" | | | 34] 4 | 1% 1% 0.040 


0.406 








Material.—Soft sheet copper, S.A.E. Specification No. 71, or soft sheet brass, S.A.E 


Specification No. 70. 


Terminals shall be free from burrs, corrosion or any foreign matter. 


The temper of 


No. 6 





the terminals shall be sufficiently soft to permit the terminal being assembled with the 
wings closed and without fracture or cracks in the terminal, which would impai the 
strength of the assembly. 


paren tee 


V 


| 


Vol. XXII June, 1928 No. 6 








REPORTS OF STANDARDS COMMITTEE DIVISIONS 711 





TABLE 3—STRAIGHT TYPE FOR STARTING MOTORS 





























: 
K Terminal No.| Wire Size | a | b c | d é | f | gikigs | k | l m 
K "i a ———EEe —_ —_ —_ : | 
g sh T | 1 136 | 1 3@| 34 | 34 | % | 1% 1%) 136 | 6 | 34 [11% 
a | 























v Material.—Soft sheet copper, S.A.E. Specification No. 71, or soft sheet brass, S.A.E. 
Specification No. 70. 








Se ee 


CABLE, CONDUIT AND TUBING CLIPS 


The Division recommends the revision of the present S.A.E. Specifications on Cable, Conduit and Tubing Clips, p. 119 
of the 1928 edition of the S.A.E. HANDBOOK, in accordance with Table 4. 


TABLE 4—CABLE, CONDUIT AND TUBING CLIPS 














a | Diameter | %}| %4 eo) %| %| | %!| % 4 16 | 1 
7% 92 : ‘ 14 
b | Length | : | | %| | %| me) | 4 | %| % 


“42 
| 
{ 








Material.—S.A.E. No. 10 Steel or equivalent, cold-rolled dead-soft. 
Clips shall be made to full lines, as shown above, and bent to dotted lines when 
assembling. They must be free from burrs and sharp edges. 





FLEXIBLE-CONDUIT FERRULES 
This subject was referred to the Subdivision on Cable Terminals for the development of dimensional specifications for 


this item. The Subdivision’s report was approved by the Division, which recommends the adoption of the specifications 
shown in Table 5 as an S.A.E. Standard. 


TABLE 5—-FLEXIBLE-CONDUIT FERRULES 



































Conduit 
b Diameter 4%] ul Mw) Bl Mw) 4) &] %) KI] 111K 
a_ | Inside Diam- 
¢- . ‘ %..4 0.285/0.355)0. 42510 485/0. 5555/0. 630/0. 760/0 . 930)1 .040)1.175)1. 435 
ngt ”M| KM| M) &%| %| KB BI BI KI KB HK 
K d_ | Shoulder 
- d a Diameter |0.188)\0.250/0.313/0.375)0.438)/0.500\0. 625)0. 750)0. 875)1. 000)1. 25 
an e | Shoulder “| “| “| “| “| “| | %| *®| %) &% 
tT Nu eae 6S Pe eee oe Oe ' ' 
0.0/6 Material.—Soft sheet brass, 8.A.E. Specification No. 70, or S.A.E. No. 1010 dead-soft 


sheet steel. 
All steel ferrules must be zine or cadmium-plated to withstand salt-spray test for 
24 hr. without showing rust. 
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Engine Division 
PERSON NEL 


A. F. Milbrath, Chairman Wisconsin Motor Mfg. Co. 
E. S. Marks, Vice-Chair- 


man H. H. Franklin Mfg. Co. 
Paul Bastien Stutz Motor Car Co. 
H. C. Blake Foos Gas Engine Co. 
R. J. Boege The Buda Co. 
C. L. Cummins Cummins Engine Co. 
J. B. Fisher Waukesha Motor Co. 
J. D. Harris McCord Radiator & Mfg. Co. 
E. D. Herrick Lycoming Mfg. Co. 
C. B. Jahnke Fairbanks, Morse & Co. 
E. T. Larkin Sterling Engine Co. 
K. R. Manville International Motor Co. 
F. W. Sampson Continental Motors Corporation 
L. P. Saunders Harrison Radiator Corporation 
A. W. Scarratt International Harvester Co. 


DUPLEX-CARBURETER FLANGES 


Concurrently with the application of duplex carbureters, 
particularly to eight-cylinder engines, a demand arose for 
the standardizing of a mounting flange for this type of 
carbureter, and a Subdivision was appointed to study pres- 
ent designs and proposed flanges. 

Following the general line of the existing duplex-car- 
bureter flanges, an optional four or six-bolt design was 
devised and agreed to by all interested carbureter manu- 
facturers. The difficulties due to insufficiency of bolt and 


S. A. E. JOURNAL 


ATR-CLEANER MOUNTINGS 


A Subdivision has developed a series of dimensions for 
the open-end of air-horns to provide standard sizes for 
the mounting of air-cleaners. The dimensions proposed 
are the outside diameter and the length of the portion of 
the air-horn on which the air-cleaners are mounted. No 
attempt has been made to specify the sizes of carbureter 
on which air-horns of the various sizes are to be used, as 
carbureter manufacturers differ in opinion on this point. 

The sizes included in the proposed recommended practice 
represent the sizes most widely used on carbureters of 
various makes and provide a suitable range of sizes for 
air-cleaner attachments permitting manufacturers of air- 
cleaners to provide for a standard line of clamps for attach- 
ments, in place of the great multiplicity of sizes now in use. 

The Division recommends the following table as an S.A.E. 
Recommended Practice: 





























A 
wrench clearances have been obviated by moving the bolt- 0.750-0.740 5g 
holes outward from the barrels. Consideration was given 1.125-1.115 % 
also to the barrel spacing. 1.500-1.490 % 

In the design and sizes proposed the barrel diameters con- 1.624-1.614 % 
form to the present S.A.E. Standards for single carbureters. por sacs % 

The Division recommends that the following design and 2312-2 302 - 
dimensions of duplex-carbureter flanges be approved by the 2 625-2.615 i“ 
Standards Committee as S.A.E. Recommended Practice: 3.125-3.115 1% 

, Nominal 
Carbureter 
Size, In. A B C D E F G H 
1 1 3/16 23/32 Ree Fe 13/16 5/16 9/32 1 6 Tfs 3/8 
1 1/4 3. Ge 13/16 1 5/8 15/16 23/64 11/32 2 1/8 7/16 
ase 1 11/16 15/16 1 27/32 1 23/64 11/32 2 3/16 7/16 
1 3/4 1 15/16 1 1/16 2 1/16 1 1/4 25/64 13/32 2 3/4 1/2 
2 2 3/16 1 3/16 2 3/8 1 7/32 25/64 13/32 2 11/16 9/16 
Six-bolt flanges are optional on the 1, 1% and 1%-in. sizes but are recommended for use as necessary ‘on the 1% and 2-in. sizes. 


f 
t 
% 
i 
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FANS, BELTS AND PULLEYS Standard or 
The original report of the Division presented to the ee 
Standards Committee in January was turned back to the wa nuts Vy Rad 
Engine Division for further consideration of the angle of ; Hk Vy jo, 
the belt. The Division at its last meeting, on May 10, fully : ! otal 
discussed this point and the report of the Subdivision, which ry K 
had again taken the matter under consideration. It was G ) 
decided that, notwithstanding that a few large users prefer Y_} a ¥ 
the 28-deg. angle for belts, the best practice, as well as the og Us , an 
greatest use in practice, is the 38-deg. angle. Consequently WI eo 
the specifications are resubmitted as originally presented. _ Te 
Those companies which at present use the 28-deg. design 7 ae FF 
have sufficiently large production to avoid any penalty in FAN-PULLEY SPINDLES FOR SLOTTED FAN-BRACKETS 
the way of a higher price and their requirements should 
be regarded as special. 7 eR “pear eee 
The Division further recommends that the following re- Width of 
vision of the present S.A.E. Specifications on Fan Belts Belt, In. D ae oe a K 
and Pulleys, as presented to the Standards Committee in — iss were aaa seek aaa ” aoe 
January, be resubmitted with a change, for approval as 1-14 | 0.748 K% % %-18 | 1 1 
S.A.E. Standard. 0.746 Deana Age eh 
1% 0.873 1 X% 2-18 1% 1% 
FAN BELTS AND PULLEYS 0.871 














(S.A.E. Standard) 0.998 | 136 6% | 34-16] 15 | 1% 











| 2 
: 0.996 | 
214-31% | 1.248 } 1% 1% 1-14 2 1% 
1.246 











Pulley Diameters.—To ensure long belt-life, diam- 
eter of fan driven-pulley should be made as large as 
possible consistent with size of fan. Recommended 
diameter of fan driven-pulleys not less than one-fifth 





















Vy, 













































- 3"Rad [ 
32 max Z 
Note: Driving pulleys for flat belts shall be crowned and Y 
without flanges. Z 
Y 
V-FAN BELT AND PULLEY DIMENSIONS | Z 
Width of Minimum Maximum | Maximum PAN YZ 
V-Groove Depth of Fan Projected 'iUUUUT RY 
at Top, In. Groove, In. | Diameters In- | Blade- 97 
D clusive, In. | Width, In. SY 
oe : Hote A Hass 2 SY 
o% % Up to 14 1% NA 
i 6 15 to 18 1% Py 
34 lig 19 to 20 214 NZ 
1 1546 Mwm || 215 SY 
14 1% 23 to 26 2% UZ, 
Note: For heavy industrial service, twin belts are recommended G 
on fans 26 in. in diameter or larger instead of one wide belt. 
FLAT FAN-BELT AND PULLEY DIMENSIONS FLAT AND V-BELT FAN-ASSEMBLY DIMENSIONS 
r: Ss 
! Maximum Maximum Belt Widths, In. 
_ Belt Pulley Fan-Diameter, Projected ——_—____—_—_—_——— — A B 
Width, In. | Width, In. Inclusive, Blade-Width, Flat V 
+1% +0.01 In. In. a wower es 
— ener | ces 5% wie Ly 
‘ ] , 11l¢ Up to 14 | 1% bre 34 | 13 
f 14 13% 15 to 18 1% 1 1 1 4 | 21 
: ; 1% 134 19 to 20 2 14 14 | ] 4 2! 
2 24 | 20 to 22 214 1% * 134 
. 2% 234 21 to 24 2% 2 ee 2 
3 314 25 to 28 26 214 2% 
3% 334 | 29 to 36 | 3 3 2% 
i ss Si roan A > | _ i 3! 2 234 
seaek 
| Length of slot to allow for %-in. take-up per foot of belt % : ; Spits 
E length Note: When no shroud is used, front edge of fan blade 


shall be not more than % in. from core. 
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FAN-PULLEY SPINDLES FOR SLOTTED FAN-BRACKETS 


Width of 


Belt, In. 1-14 14-2 2144-31 
D 0.873 0.998 1.248 
0.871 0.996 1.246 
E 13 16 19 16 1% 
F 13/6 15 6 1 4 
G 54-18 34-16 1-14 
K 1 4 1% 
M 5% 13/6 l 
N 56-18 4-20 14-20 
e “6 4 4 
? 13% 134 2 


of the diameter of fan and not less than 3% in. in 
any case. Diameters of fan pulleys to be given in 
increments of not less than % in. 

Angle of Groove-——An angle of 38 deg. shall be 
used for driving fans only or fans and accessories. 

Width of Belt.—The width of the belt shall be equal 
to the width of the pulley groove measured on its out- 
side diameter. For link-belts the next larger size pul- 
ley should be used. 

Angle of Belts.—The included angle of rubber belts 
shall be 42 deg. to allow for the bulging of the inside 
of the belt when laid around the pulley. The in- 
cluded angle of leather belts shall be 38 deg. 

Finish of Pulleys—Driving surfaces of pulleys shal! 
be smooth and free from tool or chatter marks. 


SPARK-PLUG TOLERANCES 


At the meeting of the Engine Division on May 10, Mr. 
Milbrath, as Chairman of the Subdivision on Spark-Plugs 
and Chairman of the Engine Division, submitted a report 
on the work of his Subdivision with reference to thread 
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tolerances for S.A.E. Standard Spark-Plugs, p. 94 of the 
1928 edition of the S.A.E. HANDBOOK. 


The tolerances proposed were decided upon to provide 
a finger fit of the plug in the engine. The tolerances on the 
tapped hole are those provided in the S.A.E. Standard for 
Free-Fit Class 2 for Fine-Thread Series. The Division rec- 
ommends that the present S.A.E. Standard for Spark-Plugs 
be revised by the addition of the tolerances shown in the 
tables at the foot of this page. 


MOTORCYCLE SPARK-PLUGS 


The present S.A.E. Specifications on Motorcycle Spark- 
Plugs and Metric Spark-Plugs, appearing on pp. 95 and 96 
of the 1928 edition of the S.A.E. HANDBOOK, differ only in 
the thread tolerances where a variation of 0.001 to 0.003 in. 
occurs. In view of this the Subdivision and the Division 
recommend that the specifications for motorcycle spark- 
plugs be cancelled. 


Iron and Steel Division 
PERSON NEL 
J. M. Watson, Chairman 
A. H. D’Arcambal, Vice- 
Chairman 
J. R. Adams 
R. J. Allen 
A. L. Boegehold 
Henry Chandler 


Hupp Motor Car Corporation 
Pratt & Whitney Co. 


The Midvale Co. 

Rolls Royce of America, Inc. 

General Motors Corporation 

Vanadium Corporation of 
America 

Fafnir Bearing Co. 

The Carpenter Steel Co. 

Henry Souther Engineering 
Corporation 

Jones & Laughlin Steel Cor- 
poration 

Willys-Overland, Inc. 

Reo Motor Car Co. 

Illinois Steel Co. 

Crucible Steel Co. of Amer- 
ica 

Snyder, New York City 

Central Alloy Steel Corpor- 
ation 

Stanley P. Rockwell Co. 

Buick Motor Co. 

Bethlehem Steel Co. 

Perfect Circle Co. 

Carnegie Steel Co. 

Chrysler Corporation 

International Nickel Co. 

International Harvester Co. 


J. D. Cutter 
B. H. DeLong 
F. P. Gilligan 


H. W. Graham 


H. L. Greene 
W. G. Hildorf 
E. J. Janitzky 
J. A. Mathews, Dr. 


W. C. Peterson 
E. A. Portz 


S. P. Rockwell 

R. B. Schenck 

W. R. Shimer 
Ralph R. Teetor 
H. P. Tiemann 

E. W. Upham 

T. H. Wickenden 
O. B. Zimmerman 


SPARK-PLUG THREAD TOLERANCES 


Major Diameter 


Pitch Diameter 


ce Maximum 
e Threads - a Minor- 
Size per Inch Ke Va = we Diameter 
Maximum Polerance Minimum Maximum rolerance Minimum 
1@ 18 0.8750 0.0082 0.8668 0.8384 0.0041 0.8343 0.8068 
SPARK-PLUG TAPPED-HOLE TOLERANCES 
Minimum Pitch Diameter Minor Diameter 
Size Threads Major- — : senied = —_—_____— 
per Inch Diameter Minimum folerance Maximum Minimum | Tolerance Maximum 
i% 18 0.8750 0.8389 0.0041 0.8430 0.8149 0.0060 0.8209 
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PHOSPHORUS AND SULPHUR CONTENT 


After considerable investigation by a Subdivision, involv- 
ing a survey of the practice of manufacturers and users of 
S.A.E. Steels, on the question of the sulphur and phosphorus 
limits of these steels and the percentage of rejections for 
steels not meeting these limits, the subject was presented 
to the Division at a meeting in Bethlehem on April 26 and 
27. Considerable discussion ensued, it being the consensus 
of opinion that the sulphur limits of S.A.E. Carbon and 
Alloy Steels could be raised 0.005 without appreciably 
affecting the steel and without any effect whatever on the 
product of the user. It was voted to make no change in 
the phosphorus limits. It was further decided to add a 
note with reference to the possibility of obtaining low 
limits of sulphur and phosphorus when purchasing electric- 
furnace steels. 

Therefore, the Division recommends for approval by the 
Standards Committee 

That the sulphur limits of all S.A.E. Carbon and 
Alloy Steels be raised 0.005 and a note added on the 
pages containing the steel specifications as follows: 
“Lower limits on sulphur and phosphorus can be ob- 
tained in electric-furnace steels at the option of the 
purchaser.” 

NICKEL STEELS 

So that the manganese limits of S.A.E. Steels 6120 and 
2320 shall be in line with the manganese limits of similar 
steels, the Division at its last meeting, on April 26, voted 
to recommend to the Standards Committee the following 
revision: 

That the manganese limits on S.A.E. Steels 6120 
and 2320 be changed from 0.50 to 0.80 to 0.30 to 0.60. 


Lighting Division 


PERSON NEL 

C. A. Michel, Chairman Guide Motor Lamp Mfg. Co. 

R. N. Falge, Vice-Chairman General Motors Corporation 

C. C. Bohner Tung-Sol Lamp Works 

H. S. Broadbent Westinghouse Lamp Co. 

R. E. Carlson Edison Lamp Works, General 
Electric Co. 

A. W. Devine Commonwealth of Massachu- 
setts 

H. C. Doane Buick Motor Co. 

P. J. Kent Chrysler Corporation 

A. R. Lewellen Chevrolet Motor Co. 

H. H. Magdsick National Lamp Works 

Walter Spear Cincinnati Victor Co. 

W. F. Thoms Indiana Lamp Corporation 

T. E. Wagar Studebaker Corporation of 
America 


INCANDESCENT-LAMP BASES AND SOCKETS 


To provide more accurate focusing, considerable demand 
has developed for the reduction of the tolerances on in- 
candescent-lamp bases and socket diameters. It has been 
contended that the loose fit between lamps and sockets has 
rendered accurate focusing impossible in many cases. Con- 
versely, tight fits between sockets and bases have been 
responsible for a large amount of lamp breakage when 
inserting bulbs in sockets at the time of assembling. 

This has been of great concern to the Lighting Division 
and has been thoroughly studied in cooperation with the 
lamp-base and socket manufacturers. As a result, it has 
been found possible to reduce the tolerances. Also, to as- 
sure the proper length of throw of the spring pins in the 
sockets, some additional dimensions on the J slot are pro- 
posed. A new dimension from the top of the pin to the 
open end of incandescent-lamp bases is also proposed. The 
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accompanying illustrations give the proposed tolerance re- 
ductions and the new dimensions for single-contact bases, 
sockets and plugs, and for double-contact bases, sockets 
and plugs, as a revision of the present specifications on pp. 
90 and 91 of the 1928 edition of the S.A.E. HANDBOOK. 
HEAVY-DUTY CONNECTORS 

There has been a demand for further development of 
specifications for heavy-duty triple-contact and double- 
contact connectors for use with multiple signal-lamps and 
head-lamps having three circuits. 

A Subdivision of the Lighting Division was appointed 
and its report, submitted to the Lighting Division by letter 
ballot, was approved. 

The Division recommends that the Standards Committee 


approve the following specifications on heavy-duty connec- 
tors, triple-contact and double-contact, as S.A.E. Standard. 
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ELECTRIC INCANDESCENT LAMPS 


To conform to present manufacturing practice it is neces- 
sary to revise the table printed as General Information, on 
p. 89 of the 1928 edition of the S.A.E. HANDBOOK, under 
the heading of Electric Incandescent Lamp Data by chang- 
ing the bulb type on the 6-cp. 6-8-volt lamp from G8 to G6 
and the bulb type on all 21 and 32-cp. lamps from S11 to 


S10. This necessitates eliminating the bulb dimensions for 
the S11 type and substituting the S10 dimensions as a re- 
vision of the drawing and table on p. 88 of the 1928 edition 


of the S.A.E. HANDBOOK. 


The Division recommends that the electric incandescent- 
lamp specifications be revised to read as follows: 


Dimen- 


sion G-6 G-8 
A 3/4 1 

B 1-7/16 1-3/4 
"Ae 3/4 7/8 


D Max. 0.300 0.300 





S-8 G-10 S-10¢ 
1 1-1/4 1-1/4 
2 2-1/8 2—3/16 
1-1/8 1-1/8 1-1/8 
0.300 0.300 0.300 


«The corrugations on electric incandescent lamps for headlight 
service shall be sufficient depth to break up the filament image. 
The spacing between the filaments of the depressed-beam or two- 


filament type of incandescent lamp shall be 0.140 in. 


- 0.016 in. 


Light-center length and axial alignment tolerances for head- 


light lamps are + 3/64 in. 


ELECTRIC INCANDESCENT LAMP DATA 


General Information 


Maxi- |Bayonet- 


| Maxi- 


Bulb | mum | Light-| Fila- 


Candle-| Voltage) mum Base Bulb Diam- |Overall| Center| ment 
Power Amper- |Contact’) Type eter, |Length,|Length,| Form‘ 
age? In. In. In 
2 3-4 1.00 SorD| G-6 34 17A6 34 C-2 
3 6-8 0.75 |SorD]| G-6 84 176 34 C-2 
3 12-16 0.50 Sor D G-6 34 1746 34 C-2 
3 18-24 0.25 Sor D G-6 34 liA6 34 C-2 
6 6-8 1.25 S or D G-6 1 134 % C-2 
6 12-16 0.75 S or D G-3 1 1% % C-2 
6 40-44 0.25 D G-10 14 2% 1% C-5 
15 6-8 2.00 Sor D S-8 1 2 1\% C-2 
15 12-16 1.25 S or D S-8 1 2 1% C-2 
21) 6-8 3.00) D| S10 1% 23% 14 C-2 
21 \3.00 \1%4 C-2 
21 6-8 3.00 S or D 8-10 1% 2% 14 C-2 
21 2-16 1.50 S or D 8-10 1% 23% 1% C-2 
21 40—44 0.50 D 8-10 1% 2% 14 C-13 
21) 6-8 3.00 D S-10 1% 2% 14 C-2 
of \0.75) \S-10 13% 23% C-12 
27 18-24 | 1.25 D S-10 1% 2% 1% C-2 
32 8 4.00 S or D 8-10 1% 2% 1% C-2 
32 12-16 2.00 S or D S-10 1 34 2% 14 C-2 


2Improvements in lamp design and manufacture from time to 


time make possible changes in ampere ratings. 


are therefore maximum and are 


The figures given 


for use in calculating wire sizes 
ind battery capacities. For test 


purposes the exact amperage 


should be obtained from the lamp manufacturer. 


’ $—Single-contact. D 


Double-contact, 


4 indicates a coiled-wire filament. 


Lubricants Division 
PERSON NEL, 


E. W. Upham, Chairman 
H. C. Mougey, Vice-Chairman 
Sydney Bevin 

O. E. Eckert 


J. B. Fisher 
J. C. Geniesse 
W. H. Graves 
W. S. James 


C. M. Larson 


Chrysler Corporation 
General Motors Corporation 
Tide Water Oil Co. 
Mid-Continent Petroleum 
Corporation 
Waukesha Motor Co. 
Atlantic Refining Co. 
Packard Motor Car Co. 
Studebaker Corporation of 
America 
Sinclair Refining Co. 
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K. G. Mackenzie The Texas Co. 

H. J. Saladin Standard Oil Co. of Indiana 
F. D. Shields Transcontinental Oil Co. 

Cc. W. Simpson White Motor Co. 


H. G. Smith 
J. B. Terry 


Gulf Refining Co. 

Standard Oil Co. 
fornia 

Standard Oil Co. of Indiana 


of Cali- 
R. E. Wilson 


CRANKCASE LUBRICATING OILS 


After the adoption and the widespread use of the S.A.E. 
Viscoscity Numbers for Crankcase Lubricating Oils, the 
question of the application of these numbers to prediluted 
oils was raised with reference to the state of the oil at 
which the Saybolt Universal Viscosity should be taken to 
determine under which of the S.A.E. Viscosity Numbers 
the oil should be classified. 

A Subdivision appointed to consider this subject pre- 
pared the following note, which the Lubricants Division 
recommends be approved for addition to the present S.A.E. 
Recommended Practice on Crankcase Lubricating Oil Vis- 
cosity Numbers: 

Note: In the case of a prediluted oil, S.A.E. Vis- 
cosity Numbers, by which the oil is classified, shall 
be determined by the viscosity of the undiluted oil. 


Passenger-Car Division 


PERSONNEL 
G. L. McCain, Chairman Dodge Brothers, Inc. 
H. C. Snow, Vice-Chair- 
man Auburn Automobile Co. 


R. S. Begg 
S. R. Castor 
L. A. Chaminade 


Jordan Motor Car Co. 

H. H. Franklin Mfg. Co. 

Studebaker Corporation of 
America 

Graham-Paige 
ration 

Ford Motor Co. 

Packard Motor Car Co. 

J. B. Judkins Co. 

E. I. duPont de Nemours & Co. 

Hupp Motor Car Corporation 

Buick Motor Co. 


G. A. Delaney Motors Corpo- 
W. T. Fishleigh 
W. H. Graves 
J. B. Judkins 
E. H. Nollau 
Ivan Ornberg 


G. W. Smith 


CAR-FRAME NUMBERS 


As a result of the replies received to a questionnaire on 
the usage of the present specifications on car-frame num- 
bers, p. 321 of the 1928 edition of the S.A.E. HANDBOOK, 
it was found that frame construction prevents the use of 
a standard location for such a number and that the 
specification, as now constituted, is not used nor can it 
be revised so as to be of any value. The Division therefore 
recommends that the present S.A.E. Specification for Car- 
Frame Numbers be cancelled. 


CAR-PERFORMANCE TESTS 


The Division, in its meeting on April 20, discussed the 
summary of replies received to a survey on the usage of 
the S.A.E. Car-Performance Tests Specification, p. 507 
of the 1928 edition of the S.A.E. HANDBOOK. The survey 
indicated that virtually no utilization was being made of 
these standard tests. 

It is the Division’s opinion that the differences in engi- 
neering opinion and in equipment available for making car- 
performance tests make it impracticable to use standard 
methods of procedure. A Subdivision has been appointed 
to study the possibilities of developing standard testing 
forms for use in car-performance tests. 
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The Division therefore recommends that the present 


S.A.E. Specification on Car-Performance Tests be cancelled. 


PLATE GLASS 


The Passenger-Car Division, at its meeting on April 20, 
took under consideration the revision of the present speci- 
fications on Plate Glass, p. 325 of the 1928 edition of the 
S.A.E. HANDBOOK. These specifications have been criticised 
because of the thickness tolerances which, it was brought 
out, were not in accord with the general requirements of 
automobile manufacturers. 

On the basis of information received from several of the 
glass manufacturers, the Division has revised the thickness 
tolerances and omitted the reference to the sizes contained 
in the first sentence of the present specification. 


The Division recommends that the present S.A.E. Specifi- 
cations on Plate Glass be revised to read as follows: 


PLATE GLASS 
(S.A.E. Recommended Practice) 


The glass producer should be furnished with a tem- 
plet of the finished glass. 

Only polished plate glass shall be used in wind- 
shields and front-quarter door windows. 

Polished plate glass for windshields and passenger- 
car windows shall be of two grades: “Selected Glaz- 
ing” and “Glazing.” 

“Selected Glazing” plate glass shall contain prac- 
tically no visible imperfections under specified con- 
ditions of inspection. Very fine scattered seeds’ are 
permissible. 

“Glazing” plate glass shall contain no other visible 
imperfections than a few scattered seeds and occa- 
sional faint strings or faint short finish-marks. 

The thickness of plate glass shall be 7/32 in., with 
tolerances of plus and minus 1/16 in. with variations 
in individual plates of not more than 1/64 in. 

The following definitions of the terms used in the 
above specifications are taken from the report of the 
committee on standards of plate glass organized by 
the Bureau of Standards: 

Seeds.—Minute bubbles smaller than 0.015 in. diam- 
eter. These are visible only on close inspection, usu- 
ally appearing as small specks, and are an inherent 
defect in the best quality of plate glass. 

Strings.—Light, wavy, transparent lines on the sur- 
face, appearing as though a thread of glass had been 
partially incorporated into the sheet. 

Short Finish.—Poor polish is lack of smoothness, an 
improperly finished surface which has the appearance 
of being slightly pitted and wavy when the surface is 
viewed by reflected light. These indentations, which 
are slight, have a polished surface rather than a 
ground surface, but the general effect is a slight 
dulling of the surface. Poor polish is usually caused 
by improper grinding. Spots on the surface where 

the fine grinding has not proceeded far enough to pro- 
duce a smooth surface before polishing will not polish 
smooth. 


STEERING-WHEEL TESTS 


That purchasers of steering-wheels may have a suitable 
method of making tests for comparative purposes, it was 
suggested that the Standards Committee of the Society 
undertake the development of a standard test procedure for 
determining steering-wheel strength. As a result, a Sub- 
division was appointed to develop such procedure for consid- 
eration. 

The following report was submitted by F. D. Pease, of 
the Studebaker Corporation of America, to the Passenger- 
Car Division at its meeting on April 20, which report was 
approved for submission to the Standards Committee. 
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The Division recommends the following new specification 
as an S.A.E. Recommended Practice: 
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should be conducted with the wheel right side and 





STEERING-WHEEL TESTS 
(S.A.E. Recommended Practice) 
Static-Load Tests.—Each wheel should be placed in 
a Tinius Olsen or other suitable testing machine and 
the rim supported midway between spider arms on 
two steel blocks approximately 3 in. square diametri- 
cally opposite each other. The wheel may be placed 


either in the position as normally seen or upside down, 
as tests should be made with wheels in each position. 

Load is applied uniformly and slowly downward 
through the hub until an initial failure occurs, which 
should be noted, and the loading continued until com- 
plete failure occurs. 


As previously- mentioned, tests 


bottom side up as viewed from the driver’s seat. 

Impact Tests.—Each wheel should be supported rig- 
idly at the hub by means of a belt passing through the 
hub and a steel block clamped rigidly to the bed of a 
drop-hammer. 

Impact is applied by means of a 20-lb. weight work- 
ing freely in vertical guides. The weight is allowed 
to drop from a measured height and to fall on the 
rim midway between spider arms. The shock is 
cushioned by means of a piece of %-in. pure para 
sheet rubber 4 x 5 in., which is clamped over the rim 
at the point of impact. 

The distance which the weight is dropped to cause, 
(a) initial failure, (b) ultimate failure, and the char- 
acteristics of the failure should be noted. (Next page.) 


BODY-PARTS NOMENCLATURE 








Part 

No. Name 
1 Dash post 

2 Dash 

3 Cowl strainer 

4 Cowl bar 

5 Roof slat, left 

6 Roof bow No. 1 

7 Roof slat, center 

8 Roof rail, front 

9 Roof bow No. 2 

10 Roof slat, right 

11 Roof bow No. 3 

12 Dome-light block, front 

13 Roof bow No. 4 

14 Front-door header bar 

15 Roof bow No. 5 

16 Rear-door header bar 

17 Roof side-rail, right 

18 Roof-rail filler 

19 Roof bow No. 6 

20 Roof bow No. 7 

21 Back-light bar, upper 

22 Rear roof-rail 

23 Rear-corner pillar 

24 Back-light strainer, right side 
25 Back-light strainer, left side 


68 IS 








Part 
No. Name 


26 Rear belt-rail, lower 

27 Rear seat-strainer, left 

28 Rear belt-rail, upper 

29 Rear seat-strainer, right 

30 Rear-quarter pillar 

31 Rear-corner belt rail 

32 Right rear-cornef strainer, upper 
33 Right rear-corner strainer, lower 
34 Wheelhouse, rear 

35 Wheelhouse, strainer 

36 Rear-quarter strainer 

37 Rear-quarter belt rail 

38 Rear cross-rail 

39 Kick-up sill 

40 Wheelhouse, front 

41 Rear-door body hinge pillar 

42 Rear-door belt rail 

43 Rear-door strainer 

44 Rear-door hinge pillar 

45 Kick-up filler block 

46 Rear-door bottom bar 

47 Rear-door bottom board 

48 Rear-door hinge-pillar extension 
49 Rear-door lock pillar 














Part 


No. 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 


Name 
Front-door lock pillar 
Front-door bottom board 
Front-door bottom bar 
Front-door strainer 
Front-door belt rail 
Front-door top rail 
Front-door hinge pillar 
Front-door body hinge pillar 
Pillar partition, left 
Cowl belt bar 

Cowl belt-bar filler block 
Cowl side strainer 


62 Main-sill cross-bar No. 2 
63 Main-sill cross-bar No. 1 


64 
65 


Main sill, right 

Toe-board riser 

Main-sill cross-bar No. 3 
Center body-pillar, right 
Dome-light block, rear 
Rear-quarter header bar 
Rear-quarter regulator board 
Rear-door regulator board 
Front-door regulator board 
Windshield header bar 


ee 
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As in the static load tests, wheels should be tested 
in two positions. 

Determination of Moment of Inertia.—The pendu- 
lum method for determination of moment of inertia 
is used. 

From Poorman’s Applied Mechanics, Article 108, 
the radius of gyration of a compound pendulum is 


K = T/2"*V gd 
where 

T = time of one oscillation in seconds 

g = acceleration of gravity 

d=distance in feet from axis of rotation to a 

parallel centroidal axis. 

Each wheel should be suspended on a knife edge 
from the inside of the rim and the time for 100 com- 
plete vibrations determined. From this the time T 
can be determined. 

The distance d is measured from the point of sus- 
pension on the inside of the rim to the axis of rota- 
tion of the wheel. The weight of the wheel is deter- 
mined in pounds: 


Then, J = 1.— md or, since K = 
T/2x V gd, andI=M (K’*’—d), 
I= W/g [((T/2 =)* (gd—d)] 


BODY-PARTS NOMENCLATURE 


The demand for a standard body-parts nomenclature cov- 
ering the various structural members of a typical body- 
frame led to the appointment of a Subdivision whose report 
was submitted on April 20 to the Passenger-Car Division 
for approval. 

The Division recommends approval of the list of parts 
given on p. 718 as S.A.E. Standard. 






sLathe Center 
Or clip 
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Production Division 
PERSON NEL 


L. F. Maurer, Chairman Studebaker Corporation of 


America 


F. W. Stein, Vice-Chairman Fairbanks, Morse & Co. 


David Ayr Pratt & Whitney Co. 
F. M. Bender Lycoming Mfg. Co. 
Joseph Berge Crowner Co. 


Eugene Bouton Chandler - Cleveland Motors 


Corporation 
Chrysler Corporation 
Continental Motors Corpora- 
tion 
H. H. Franklin Mfg. Co. 


R. A. DeVlieg 
A. R. Fors 


H. P. Harrison 


O. C. Kavle Manufacturers’ Consulting 
Engineers 

F. E. A. Klein Pierce-Arrow Motor Car Co. 

W. P. Michell International Motor Co. 

D. W. Ovaitt Buick Motor Co. 

E. N. Sawyer Cleveland Tractor Co. 

Wn. C. Thiel Waukesha Motor Co. 


E. K. Wennerlund General Motors Corporation 


TOOL-HOLDER SHANKS AND TOOL-POST 
OPENINGS 


One of the first projects to be taken up by the Sectional 
Committee on Small Tools and Machine-Tool Elements that 
is sponsored by the Society, the American Society of Me- 
chanical Engineers and the National Machine Tool Builders’ 
Association under the procedure of the American Engineer- 
ing Standards Committee, was Tool-Holder Shanks and 
Tool-Post Openings. At the meeting of this Committee in 
New York in March, 1926, Subcommittees were appointed 






Wath Optional K~ 
but not less 
thanW 


-W- For Shapers 
S, LATHE CENTER AND LIP-HEIGHTS 





Tool-Shank Section Lathe-Post Opening 


Tool nbs 


No. d Ww ; | D 














| w | 
(dxw) | Maxi- | Maxi- | (DXW) | Mini- | Mini- 
Nominal | mum | mum | Nominal | mum | mum 

_——$$$— | | _— |— ——| 

00 34x 34 | 0.85 | 0.40 | 13x %| 1.27] 0.49 
0 Yex 4% | 0.99 | 0.48 | 14x %| 1.48 | 0.57 
1 1 x %| 1.15| 0.56 | 13x %| 1.72] 0.68 

2 14x %| 1.34] 0.67|2 x 1%] 2.00] 0.81 | 
3 | 1x % | 1.56 | 0.80 | 23¢x1 2.34 | 0.96 
4 | 13%x %| 1.81 | 0.95 | 234x1%| 2.71 | 1.14 
5 |2 xl 2.11 | 1.13 | 3%x13 | 3.12] 1.35 

6 | 24x14 | 2.43 | 1.34 |3%exl5g | 3.65 | 1.61 
7 | 23x14 | 2.86| 1.60 | 44xl%| 4.12] 1.87 
8 3 x13 | 3.34| 1.90|5 x2%| 5.00} 2.25 
9 316x2 3.87 | 2.26 | 534x23g | 5.75 | 2.70 
10 414x214 | 4.50 | 2.69 | 63x34 | 6.75 | 3.21 
11 5 x3 5.25 | 3.20 | 7%x3% | 7.87 | 3.84 


Planer and Shaper 


Lathe Center-Height {Tool Lip Height 
Post-Opening C H 





























as eae | 
(EXW) | Mini- | Mini- | Nomi- Maxi- | Mini- | Maxi- | Mini- 
Nominal | mum | mum nal mum | mum mum | mum 
1%x %| 1.04} 0.49; % | 0.93] 0.85] 0.85| 0.75 
14x %| 1.19] 0.57] 1 1.09 | 0.99 | 0.99! 0.87 
ligx '%| 1.38| 0.68] 13% | 1.26] 1.15| 1.15] 1.00 
15¢x 1%} 1.61 | 0.81 | 1% 1.47 1. 8.86 1 TS 
1%x1_ | 1.87] 0.96| 1% | 1.72] 1.56] 1.56] 1.50 

| | 
Qexl%— | 2.17] 1.14 113% 1.99 1.81 1.81 | 1.75 
2%6x1 3% 2.68 1 1:36 2% 3.32 2.11 2.11 | 32.0 
24x15% | 2.82 | 1.61 | 2% | 2.67] 2.43| 2.43| 2.25 
34~exl% 3.43 | 1.87 2% 3.15 2.86 2.86 | 2.75 
4 x24 4.00 2.25 33% 3.67 3.34 3.34 | 3.00 
434x234 | 4.64 | 2.70 | 3% 4.25 | 3.87 | 3.87| 3.50 
544x384 5.40 | 3.21) 4% 4.96 4.50 4.50 4.25 
634x3% | 6.30 3.84 | 5% 5.77 | 5.25 5.25 5.00 
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that prepared the preliminary report printed on p. 572 of 
the May, 1927, issue of THE JOURNAL. The report was also 
circulated by the A.S.M.E. as the sponsor body responsible 
for the executive secretarial work of the Committee. The 
results of this circularization led to further consideration 
of the report by the Committee, which issued a final report 
in March of this year for approval. 

The Production Division, at its meeting in Detroit on 
May 11, to which copies of the latter report had been sent, 
approved it with the recommendation that it be approved 
by the Society as a sponsor, for adoption as American 
Standard. The formal vote of approval by the Sectional 
Committee had not been taken before submitting the report 
to the sponsors for their approval but it was understood 
that this would be done shortly. The Production Division 
therefore now recommends approval of the report, subject 
to approval by the Sectional Committee, to avoid delaying 
final approval by the Society as a sponsor until the Annual 
Meeting next January. The report is not submitted for 
adoption by the Society as an S.A.E. specification. 

When the tentative report was issued, definitions of terms 
were included. At the time of printing this report this 
question was still open and the definitions are printed here- 
with so that they may be approved for inclusion in the 
report should the Sectional Committee so decide. 


TERMINOLOGY 


Tool.—A non-adjustable cutting-device consisting of 
a bit and shank of the same forging, or a bit at- 
tached to the shank by welding. The device is 
restricted to the three general types adapted to 
lathes,. planers and shapers. 





Sah ? 
4 , Cc > 
b« A 
STRAIGHT-PIPE TAPS 
Pitch Diameter Major Diameter 
Size Minimum Minimum 
Basic Max. 


Ground Cut Ground Cut 


27 | 0.3748 | 0.3690 | 0.3680 | 0.3700 | 0.3980 
4-18 | 0.4899 | 0.4820 | 0.4810 | 0.4830 | 0.5260 


1 0.3975 
1 

34-18 0.6270 | 0.6190 | 0.6180 | 0.6200 | 0.6625 
1 

3 


0.5255 
0.6625 
6-14 0.7784 :| 0.7680 | 0.7670 | 0.7695 | 0.8250 | 0.8245 
34-14 0.9889 | 0.9785 | 0.9775 | 0.9800 | 1.0345 | 1.0345 
1-11% 1.2386 | 1.2260 | 1.2245 | 1.2275 | 1.2945 | 1.2945 





Tool-Holder.—An adjustable cutting-device consisting 
of a replaceable bit clamped to the shank. 

Bit.—The adjustable cutting-portion of the tool- 
holder, or the cutting portion of a solid tool. 

Tool Base.—The plane of the shank which engages the 
tool bed. 

Tool Bed.—The plane of the machine-tool against 
which the tool is clamped; the rocker of a lathe 
post. 

Tool Post.—The slotted clevis-shaped clamp as regu- 
larly used on lathes and shapers. 

Tool Clamp.—Any tool-holding device such as the 
openside clamp used on square turret-attach- 
ments to the lathe and the plate and cap-screw 
clamp used on planers. 

Width.—The transverse thickness of the tool shank 
or the slot width of the tool post. 

Depth.—The transverse depth of the tool shank or the 
slot height above the bed of the tool. 

Height.—The nominal distance from the tool base to 
the cutting-lip of the bit. 


CUT AND GROUND TAPS 

Since the adoption by the Society of the report on Taps 
with Cut and Ground Threads last July, an extension of the 
tap tables has been in preparation, which is expected to be 
acted upon under the procedure of the American Engineer- 
ing Standards Committee by a Sectional Committee of 
which the Society is one of the sponsors. This extended 
report includes tables for cut and ground-nut taps in both 
the National coarse and National fine screw-thread pitches 


GROUND AND CUT THREADS 


General Dimensions 


Over-all| Thread | Square | Shank | Square Land 

Length | Length | Length | Diam. Size Width 
Max 

A B c D E F 

0.3995 3549 1% 135 0.3230 | 0.2420 | 0.1020 
0.5275 31% 12145 ly 0.4290 | 0.3220 | 0.1360 
0.6645 313% 1136 M6 0.4800 | 0.3600 | 0.1720 
0.8270 411K 29 34 0.6970 | 0.5230 | 0.2000 
1.0370 56 2% % 0.8960 | 0.6720 | 0.2500 
1.2970 534 2% l 1.0210 | 0.7660 | 0.2920 


GENERAL SPECIFICATIONS 


Pitch Diameter—Ground Thread 1-1, inc 4. 9— 0.0050 
Maximum % -1 in +-0—0.0070 


14-1 inc. Basic—2 threads Square Size-E 
Minimum le + 0.0040 
%-% inc. Max.—0.0010 1,-% inc. + 0.0060 
14-1 ine Max.—90.0015 34-1 inc + 0.0080 
Pitch Diameter—Cut Thread Land Width-F 


Maximum 1g - 3 in Included angle 30 deg 
1% -1 inc. Basic—2 threads %-% ine. Included angle 28 deg 
Minimum 1 Included angle 26 deg 
A 


1%4-% inc. Max.—0.0020 g-line Size +0.0100 
%-% inc. Max.—0.0025 Centers 


%-1 ine. Max.—0.0030 Female 
Major Diameter—Ground Thread Number of Flutes 
Maximum Four 
1% -1 inc. Max. pitch diam. + Chamfer 
single thread depth 3S to 5 threads 
Minimum Marking 
™%-\% ine. Max.—0.0015 Minor Diameter 
3%-%¢ inc. Max.—0.0020 American (National) or sharper 


%-line Max.—0.0025 

Major Diameter—Cut Thread 
Maximun 

1, -1 inc. Max. pitch diam. 
single thread depth 
Minimum 


Thread Angle Ground Thread 
Tolerance in % angle 

Inclusive angle tolerance 
Thread Angle-Cut Thread 
Tolerance in % angle 

11%%-27 thread +45 min 


%-% inc. Max 0.0020 Inclusive angle tolerance 

16-1 inc. Max 0.0025 1144-27 threads +1 deg—8 min 
Overall Length-A Lead Error—Ground Thread 
14-1 inc. + 7 +0.0005 per inch of thread 
Thread Length-B Lead Error—Cut Thread 

1¢-1 ine. + Fy + 0.003 per inch of thread 


Square Length-C 


Relief—Ground Thread 
1, -% inc. I 


sack Taper 0.0005 to 0.0010 per 


to -1 inc. + x inch 

Shank Diameter-D—Ground Slight eccentric relief permissible 
Thread Relief—Cut Thread 

-%ine. +0—0.0015 Back taper, manufacturer's 

3.-1l ine + )—0.0020 Practice; slight eccentric 


Shank Diameter-D—Cut Thread relief permissible 
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and cut-pulley taps in the coarse series only. At the meet- 
ing of the Production Division of the Standards Committee 
at which these reports were considered, there was some 
question whether to include these tables in the S.A.E. 
Standard, as these taps are used very little by motor- 
vehicle manufacturers. It was indicated; however, that 
they are used to a considerable extent by automotive parts 
and accessory manufacturers and should ‘be included in the 
report. 

A table for straight-pipe taps with cut and ground 
threads has been developed by the Tap and Gage Committee 
of the General Motors Corporation in a manner similar to 
that of the tap tables originally developed and submitted 
to the Society last year. It is proposed to include this 
table also in the S.A.E. Production Standard. Since publi- 
cation of the S.A.E. report last year, a few corrections in 
the report have been made. 

At the meeting of the Production Division of the Stand- 
ards Committee in Detroit on May 11, the additional tables 
and the corrections reported herewith were reviewed and 
recommended for adoption by the Society. 


TAPS, CUT AND GROUND THREADS 
(Revision of S.A.E. Standard) 


In the general specifications following the tables of 
Machine-Screw Taps; Hand-Plug Taps-cut threads; 
and Tapper Taps-cut threads, pp. 1, 2 and 5 respec- 
tively of the S.A.E. report, the formula for the maxi- 
mum major-diameter of cut threads should be cor- 


; ) 
rected to read, basic plus \ a3 é 


In the table of Tapper Taps-ground threads, the 
basic pitch-diameter for the %-14 size should be 
0.8286 instead of 0.8268. The tolerance on the length 
of the square for the % to 1%-in. sizes inclusive 
should be + 3/64 instead of +1/16. The size of the 
square for the 9/16 to 1-in. sizes inclusive should be 
+ 0 — 0.0060. 

In the general specifications for Tapper Taps-cut 
threads, the tolerance for the length of square on the 
% to 1%-in. sizes should be + 3/64 instead of + 1/16 
in. 

The following note should also be included relative 
to the marking of all taps referred to in the standard. 


Note.—All taps shall be marked with a nominal size 
and pitch. They may be marked NF (National Fine) 
or NC (National Coarse) to distinguish them from 
other taps in use, especially during the transition in 
practice to the standard. It is recommended that no 
markings such as S.A.E., A.S.M.E. or N.S.T.C. be 
used on any taps. 


CYLINDRICAL PLUG AND THREAD-GAGES 


In November, 1926, a meeting was called by Col. J. O. 
Johnson, chief of the Gage Section of the Ordnance Depart- 
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ment of the Army, in New York City, to consider the feasi- 
bility of standardizing the design of plain and threaded 
plug and ring-gages of the sizes most commonly used in 
interchangeable manufacture in order to ensure prompt and 
economical procurement of gages required by the Ordnance 
Department in time of National emergency. The Commit- 
tee, as originally informally organized, was so broadly rep- 
resentative of manufacturers and industrial users of gages 
that it was believed the findings of the Committee might be 
of economic value to the industry as well as the Ordnance 
Department, and the work developed therefore along 
broader lines than was originally contemplated. The Com- 
mittee has confined its work to the general design of gages, 
the details of finished gages being left to individual manu- 
facturers. 

The first report of this Committee was on cylindrical plug 
and thread-gages, formulated by a Technical Subcommittee 
of which D. W. Oviatt, who is a member of the S.A.E. Pro- 
duction Division, is chairman. Upon completion of this re- 
port it was referred to the Society, among others, for such 
action as might be deemed advisable. The subject was be- 
lieved to be an appropriate one for standardization by the 
members of the Production Division and the report was 
subsequently referred to them for consideration for adop- 
tion as an S.A.E. specification. At the meeting of the 
Division in Detroit on May 11, it was recommended that 
the report be adopted as an S.A.E. Production Recom- 
mended Practice, including three additional small sizes for 
the cylindrical plug and handles. The dimensions for the 
additional sizes were not available, however, at the time of 
printing this report. 

The regulations governing the Standards Committee of 
the Society permit the adoption of reports issued by other 
bodies provided they are acted upon within the Standards 
Committee in the same way as subjects originating within 
the Society. The policy of adopting such reports was re- 
ferred to the Standardization Policy Committee. The mem- 
bers replying indicated their approval of such action. The 
report is therefore submitted for adoption as S.A.E. Recom- 
mended Practice to be published in pamphlet form as a 
production specification. 

(See pp. 722 and 723 for the tables forming part of this 
report.) 


RING THREAD-GAGES 


Shortly after the foregoing report on Cylindrical Plug 
and Thread-Gages was submitted to the Society, the Ameri- 
can Gage-Design Committee completed work on the follow- 
ing report on Ring Thread-Gages. This was also referred 
to the Society and considered by the Production Division at 
its meeting in Detroit last May, at which it was recom- 
mended that the report be adopted as S.A.E, Recommended 
Practice and for publication with the other Production 
Standard specifications of the Society. 

(See pp. 724 and 725 for tables forming part of this 
report.) 



















































Note.—The optical range applies only for the Cylindrical Plug-Gages. f ; 
A shallow groove may be turned in the “Not-Go” end of the handle to identify it from the “Go” end. 


Remove Thread(One-Hal/f to Remove Thread (One-Half 
One Convolution) at Each End ee 10 One Convolution) at Each 
f ; Taper 025 in/2” , Lind. Not Less Than Three 


M6 ‘Rad full Threads Must Remain 









Not Go 


THREAD GAGES 
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Taper 0.25in 12. Break Corner Taper 0.25'ti l2 
+ tshoateee a’ Ny tp | 2"pag Break Corners 
‘ 6 a x ; Ig Rad i \ YgRad. . 
4 tect a tees ine = \ Bi. \ 
- Nig Rad. ath a 
ji 
kB --2De C>DkG M6 Dlg 7B: : 
- -F' ea fe H & Feeke 
Go Not Go Progressive 
CYLINDRICAL PLUGS 
C-Drill Size .G-Pin Reamer Number 
A> 
Hexagon Knurled 
Round 
HANDLES 
TABLE 1—PLUGS AND HANDLES 
Cylindrical Plugs 
ede ack mae HES. : - Handles Thread 
: : Pro- Plugs 
Handle Range Go All Not Go gressive 
Ee ee ee —|— - — - Inclusive 
In- ; ; . ; rl ’ 
Above |cluding A B 4 ( D E F G H I A B C D E I 
000 
00 
0 
l 0.240 | 0.365 1% | % | % | M% (0.239) 1% | He |2% |1%6 | % |2%44 % 254 | lexl4| 0.239 M4 to 
0.240 0.240 
2 0.365 | 0.510 |: 0.309} 13, | % |2% |1% 0.309 Sto % 
0.310 0.310 
3 0.510 0.825 |2 0.408) 1%| % |\2% 1% 0.409 %to 3 
0.410 0.410 
4 “0.825. “1.135 7 | % |0.608) 113% 4g (3% |2} 0.609 % to 1% 
0.610 0.610 
‘5 ; 1.135 | 1.510 21% 1% |1 3, 10.808} 214% | %& |3% |2% |1\ 14 %e 611% % | 0.809 1% to 1% 
0.810 0.810 
1.510 | 2.010 |Optijonal| ranige. See |note. ’ 
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TABLE 2—THREAD-GAGE DIMENSIONS 

























































































































































































































































































































































































































































































































































| Diameters General Dimensions 
= oe . a aoe _— oe é sa 
| 
Size Go | Not Go, Class 2 Not Go, Class 3 Go Both Not G 
Pitch |Minor Major Pitch Cc D R F G 
pepe {) Minimum |0.2175 .2403\0. 2201 0.2403 1% “wl % 4% | 0.239] 1546] She 
4—20 \| Maximum 0.2177 2408|0 .2203\0. 1876/0. 2408 : " ‘| 01240) (44 
—— {| Minimum 0 24310 .2290 0.2431 
_ Maximum 0. . 2436/0 .2292/0 . 2058/0 . 2436 
_ 7 pe {| Minimum 0 .3017)|0.2794 0.3017 
7 Maximum 0.2 . 3022/0 . 2796/0 . 2433/0. 3022 
3 24 Minimum 0.: .3044/0 . 2878 0.3044 
lila’ \| Maximum 0.3 .3049)0 . 2880/0 . 2607/0 .3049 
re Minimum |9.3% "3629|0 .3376 0.3629 i~%| %| %&1| =% 10.300; 1%| % 
iia \) Maximum 0 3% . 8635/0 .3378)0. 2970/0 . 3635 0.310 
OS sia Minimum jo : 750/0.3512 0.3669|0.3503 0.3669 
lila Maximum 0.% 75510 .3514/0 . 3674/0 . 3505/0 . 3232/0 . 3674 
ge ag | Minimum 0.36 0 .4236|0. 3947 4|0-4236 
- \| Maximum 0.38 
—_ noone | = - 
14 —20) ‘| Minimum 0. 278 
As \| Maximum 0. 3/0. 4078/0. 3751/0. 4283 
1413 { Minimum 0 |0: 4851/0 .4537 0.4851 
sill Maximum  |0.45 0 .4857|0 . 4539]0 . 4037/0. 4857 
oat Minimum = |0 0.4903|0.4701 0.4903 
jibe Maximum 0 5005/0 .4713/0 .4386/0 . 4908/0 . 4703/0 . 4376/0 .4908 
err | Minimum 0.2 5625|0. 5140 0. 5463|0.5124 0.5463 1%| %| “%| % 10.4081 1%| % 
16 te \} Maximum 0.5 5631/0.5 0. 5126/0. 4582/0. 5469 0.410 
moeee (| Minimum 0.526 5625|0. 5305 0.5517|0.5294 0.5517 
/16 Maximum 0.5266 5630)0 . 5: 0. 5296/0 .4933/0. 5522 
Ki—}] Minimum 0. 6250/0 . 5719 0 .6073)0 . 5702 0.6073 
5 \ Maximum 0. 5662 6256/0 . 5722/0. 5128/0 .6079/0. 5705/0 .5111/0.6079 
pou Minimum (0. .6250|0. 5930 0.6142|0.5919 0.6142 
. ; \ Maximum 0.6 .6255)0 . 5933/0 . 5569/0 6147/0. 5922/0. 5558/0 .6147 
eaiees | Minimum 0 .7500|0.6914 0.73060 .6895 0.7306 
4 | Maximum 0.6 7506/0 .691 210 .6898!0 .6245)0.7312 
5 epiceten Minimum _|0. .7500|0.7139 0.7379|0.7126 0.7379 
. \ Maximum 0. 7506/0 33/0 .7385)/0.7129)0. 6720/0 .7385 
a Minimum [0 875010. 8098 0 .8534|0.8077 0.8534| 236) 1 % | “e | 0.608) 1'%¢ fe 
sit \|} Maximum 0. 8757|0 .8541/0. 8080/0 .7355)0 8541) 0.610 
i “%—14 { Minimum 0 8750/0 .8335 0 .8611/0.8322 0.8611 
I . Maximum 0 8756/0. 83: .8617|0.8325|0.7858)0 . 8617 
' sa = one = 
“%—18 {] Minimum 0 8750/0 . 8430 0 . 8642/0 8419 0.8642 
5 \| Maximum 0 875510 . 8433/0 . 8069/0 . 8647 |0 . 8422/0 . 8058/0 . 8647 
_ f Minimum 0.¢ 0000/0 . 9264 0 .9757|0.9242 0.9757) 
; Maximum 10 .¢ 0007 |0 . 9267 |0 .8452|0 .9764)0 .9245/0 . 8430/0 . 9764! 
- - -|— ——|- _— } 
+ ati Minimum {0.95 .0000/0 9585 0.9861 0.9572 0.9861) 
7 \ Maximum |O 95% 0006/0 . 9588/0 .9121/0 . 9867/0 .9575/0 . 9108/0 . 9867 
wees! a Minimum {1 1250} 1.0407 1.0972|1.0381 1.0972 
° . 1 Maximum 1 . 1257/1 .0410/0 .9479]}1 .0979)1 .0384/0 . 9453) 1.0979 
1u—12 | Minimum }1 1250}1 .0765 1.1088)}1.0749 . 1088 
° in \| Maximum }1 .1256}1 .0768}1 .0223}1 . 1094/1 .0752]1 .0207 L 1094 
“Tt oe Minimum 11.1 . 2500} 1 . 1657 1. 2222/1.1631 1.2222 2% 1% 1 % | 0.808) 2% % 
* ; Maximum a 2507|1 . 1660)1 .0729/1 . 2229/1 . 1634/1 .0703/1 . 2229 0.810 
1u4{—12 {| Minimum ¥ . 2500} 1. 2015 1. 2338}1. 1999 1.2338 2% 1 
‘ ~ Maximum 1 . 2506) 1 . 2018/1. 1473/1. 2344/1 . 2002/1 . 1457)1 .2344 
aie a ‘| Minimum = {1.3 1.5000|1.4018 1.4676|1.3988 1.4676 2% | 1% 
” Maximum 1.3 5008} 1 4021/1. 2935}1 .4684)1 .3991/1. 2905/1. 4684 
9308 ‘| Minimum |1 1. 5000|1.4515 1.4838|1.4499 1.4838 2% | 1 
’ 7 \) Maximum _/1.¢ 


GENE 


PITCH DIAMETERS 
Minimum, al] sizes; Go—Basic; Not Go— 
Basic plus American Standard 
(N.S.T.C.) Thread Tolerance. 
Maximum, 14 to 9/16 diameter ; Go—Min- 
imum +0.0002: Not Go—Minimum 
+0.0002. 


5 to 1% Diameter; Go—Minimum 
+ 0.0003 ; Not Go—Minimum + 0.0003. 


MAJOR DIAMETERS 


Minimum all sizes; Go—Basic; Not Go— 
Basic—15 per cent double thread 
depth. 

Maximum 6 Threads ; Go—Basic + 0.0008 : 

Not Go—Minimum +0.0008. 








5006) 1.4518} 1 .3973)}1 . 4844/1 .4502)1 . 3957/1 4844) 








| 


IRAL SPECIFICATIONS FOR THREAD 


7-9 Threads; Go—Basic +0.0007; Not Go 
—Minimum + 0.0007. 

10-16 Threads; Go—Basic +0.0006; Not 
Go—Minimum + 0.0006. 

18-28 Threads; Go—Basic +0.0005: Not 
Go—Minimum + 90.0005. 


MINOR DIAMETERS 
American Standard Form or Sharper. 


CENTERS 
Female. 
DUST GROOVE 
Go—Manufacturers’ practice. 
MARKING 
Go—\4-Basic pitch diameter on shank 
end; Not Go—Minimum pitch diam- 
eter on shank end. 


GAGE 
Go—5/16-1% Inclusive—Size, thread and 


basic pitch diameter on thread end; 


Not Go—Size, thread and minimum 













pitch diameter on thread end. 


+ 


18-9 Threads,—Tolerance in half angles 


THREAD ANGLE 
28-20 Threads,—Tolerance 


15 min. 


+ 10 min. 


8-6 Threads,—Tolerance in half angle + 


5 min. 


+0.0002 between any two threads, non- 
accumulative, not farther apart than 
one diameter. 


LEAD ERROR 


in half angle 
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, ¢-L- > 
K-R > Adjusting NK- | <P> 
rt S txReam Screw | M> 1 Gp sro Fr. WP F 
* , Ff , r ‘ .-) n 
et § < sesheambead 60Chamter 
ve Both Sides 
aS — ah Tee — . 
‘ SSIGQ : 
No | R8 
Ko Ss 
RS es . D NSO HY 
&9 : svt 
SH Des £ Rs) 
. > | J es 
Sa oS. * WY 
| y_ ° —_ 
| Ls =, 
Annular | 8 § 
Groove to | x § 
Designate < One Squeeze Hole Only a 
<--T NOT GO Gage | >| For#0+ #/2 1 / 2% . 
> s or #0 to nc | 
5| Depth Ye width) E-- aS 
M-AB--y 8 8§8«------------f ----------- > : 
| ~~ Se 
For Fine Threads For Coarse Threads 
TABLE 1—RING THREAD-GAGES 
, ; | General Dimensions 
| Ti. Bes ha 
Thread | 
Size, | A NE as D E Fi J K L MiN Drill Drill Ream V W 
Incl. | P R Ss Size P.D. 
0-6 |i sg}... le | | 5 | % | 7 | 24 | Me | 41 (0.0960)\"44 (0.1719)|0.1370| 8-36 (0.1460) 0.010 | % 
0.1373 0.1478 \pprox. 
8-12 |1 A | Ve | 5% | 5@ | 86 | 2 | 8@ | Ye | 41 (0.0960)|"4¢, (0.1719)|0.1370| 8-36 (0.1460) 1%, 
0.1373 0.1478 
M4-Fig (136 | 2g | Yeo | Ye | *t6 | 36 | Ye} 4 | && | 31 (.1200)) 2 (0.2187)/0.1810) 12-28 (0.1928 16 
0.1813 0.1950 
34-164 (1% | % ig | ee | | KH | Ge] | 3% is | 25 (0.1495)\'7% (0.2656))0.2150; 14-28 |0.2268 
0.2153 0.2290 
0-34 |2%6 | Me | 34 [Lhe | 42] Me | 34 | %e | Me! M242) 42) 242 | 7 (0.2010)|*2% (0.3281)/0.2720) “6-24 [0.2854 16 2 
0.2723 0.2878) 
Vg-1% [25% | 11% | 1561114 | % | % | MH | 56) % | Fe] 3@| % | 1 (0.2280)|25%, (0.3906)/0.: 3340 3-24 |0.3479|  1¢ % 
0.3344 0.3503 
14-11% |3\% | % 11% |1% a | Mm 118% | 3¢ 1K | 56 | % | 5% |'%K% (0.2656)|2% (0.4531)10.3890| 74-20 |0.4050 rs 4 
0.3894 0.4076 
15 6-2 3% dig 14 23% 1346 S49 1? 16 36 113% 5% “6 "46 eT 0). 2656) |*%q (0 4531)|0. 3890 46-20 |0.4050 Lig le 
0.3894 0.4076 
VE-214 144 | % |1%@ (2% [1 %! 8 (184 | Vie [1 Mel 6 | 6 | 76 (74 (0.3281))53% (0.5156)0.4510) 4-20 (0.4675 Vg 
0.4515 0.4701 
re Se —— : - — - -- 
254-3 |5 | % [13% (33% (2 e \2 fe |1 841 1% | 26.) 746 |24K% (0.3281)|2%%j (0.5156)|0.4510] 14-20 10.4675 ly 
| 0.4515 0.4701 
g-3 4 | 51% 18% 17% 137% [2% | 3@ |22@ | Mei | 36) Me | M46 |e 10-3281)}*3% (0.5156)/0.4510| 14-20 (0.4675 Vg 
0.4515 0.4701 
354-4 63% 1546 1% 454 215%, | ro) 25% 4 2%6 l 34 % |! 99 (OQ. $062 64 (0.6406)'0.5710 54-18 |0. 5889 le 
| 0.5715 0.5919 
41%-4% |714 |1_ (11% 15% 18% | 36 13% 1% 13 11 34°| 5¢ |136 (0.4062)!4¥4, (0.6406)|0.5710! 5<-18 |0.5889 ” lg 
| 0.5715 0.5919 
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° 
Chamf 
Saw Sx 45 “Chamfer Kx As’ 
x45 Chamfer 
nif aed -; Ox 45 ee ; 
FE. | ele dite =" HJ 
Sy FS a ‘G mi 
© tai —2— hy 
} 
kA» Crk | hao I eh 
KF» 
Gil ss: “cate a pela aa rae 
Adjustin cr ; . 
J g Screw Dowel Bushing Clamp Screw 
TABLE 2—RING THREAD-GAGES 
Adjusting Screw Dowel Bushing Clamp Screw 
{ E A 
B | ¢ D ritiz Drill | B cy. es B CiD E|F\H\J K 
A 
Size | P.D. Size | P.D. Drill Size | P.D. 
8-36 |0.1442 16| Ae 2% 2-64'0.0759|50 (0.0700), 142, 144.0.020)43(0.0890) |0. 1368 “wo 0 010 i 2-64 0.0745 29 be ~ ‘a 0.0840 ve 5 g2| V2) 3%4\0.010 
0.1460 0.0773 0.1370 | 0.0759 0.0860 | 
12-28|0.1906| %%4o| 45g 264; 4-48)0.0985/42 (0.0930)) 142) V%4!0.020)32(0.1160)!0. 1808) 7 ‘6.0.020| 4-48|0.0969, 23 $2 “ha 0.1100 5A) 3 be 142) 340.020 
0.1928 0.1001 0.1810 0.0985 0.1120 

14-28|0.2246| 3% | 5%4) 141 64010. 1218132 (0.1160)| 344 149/0.020/27(0.1440)/0.2148| 54 |0.0201 6-4010.120111 | % (0.1360) 7 ‘el %2l 3%al 14610.620 
0.2268 0 12 35 0.2150 0 1218 0 1380 j 

546-24/0.2830| 34 | 544) 45) 10 32 0 1697 20 (0.1610) 344) Yee) Yao 10( 0. 1930) 0.27 18 1lA6 Va “10-3210. 0 167 8 rr mg “ 0 1880 ‘The %| 244) Viel V2 
10.2854 0.1716 0.2720 0.1697 0.1900 | 

24|0.3455| 746) 564) Ue) 12-28/0.1928)14 (0.1820)| Yg 364) V2 |2 (0.2210)|0 3337 % |! "* 12- 28|0. 1906 13 i. | 5 ve 0 2149 4 uM $2} “el “el 2 

0.3479 0.1950 0.3340 0.1928 0.2160 

7A6-20\0.4024) g2| 54) 14-28/0.2268)3 (0.2130)| Ye) Yea) Yo |F (0.2570)|0. 3887)! 346 lin 4-28 0.2246 1234, 346.0. 2480 9 is 13 $2! “ie 544) V2 
0.4050 0.2290 0.3890 0.2268 } 0.250) 

A 20/0. 4649 9 is) 4 | 34al546 24 0.2854\1 (0.2720)) 54 1 cel 3 64 ‘|p (0. 3230 0.4507 11 16 va 5 ‘6-24)0. 2830 12345 \% 0.3105) 56 11545 544| 342] Mh 
0.4675 0.2878 (0.4510 |0.2854 0.3125 } | | 
g-18/0.5859! 5% 6 8 40 s-2410.3479. Q (0.3320)| 544) Ue 2% |? 64(0. 390) 0.5707 1% Sis 36 2410 34552 346| 5460.3730 34 1% %0) Yea) B52) 24 

10. 5889 0.3503 0.5710 0.3479! 0.3750 
Tk, . Se oni Maurice Olley Rolls-Royce of America, Inc. 
lire and Rim Division — Thay: ' 
G. E. Parker Cadillac Motor Car Co. 
PERSONNEL L. Thoms Graham-Paige Motor Corpo- 
ration 
H. M. Crane, Chairman New York City A. J. Scaife White Motor Co. 
T. J. Litle, Jr., Vice- Marmon Motor Car Co. J. G. Swain Firestone Steel Products Co. 
Chairman C. P. Thomas Reo Motor Car Co. 
C. S. Ash Wire Wheel Corporation of F. E. Watts Hupp Motor Car Corporation 
America < > 
’ 4 2 4 S 
R. S. Begg Jordan Motor Car Co. BALLOON.-TIRE SIZES 
C. Breer Chrysler Corporation The accompanying table of tire and rim sizes and the 
C. C. Carlton Motor Wheel Corporation proposed method of marking are the result of a series of 
B. Darrow Goodyear Tire & Rubber Co. meetings held separately and jointly by the S.A.E. Special 
D. H. Fenton Fisk Rubber Co. Advisory Committee, the Tire and Rim Division, the Tire 
W. T. Fishleigh Ford Motor Co. and Rim Association, and the Rubber Association of Amer- 
T. G. Graham B. F. Goodrich Co. ica, with representatives of the National Automobile Cham- 
W. R. Griswold Packard Motor Car Co. ber of Commerce. The 18 tire-sizes proposed as standard 
J. E. Hale Firestone Tire & Rubber Co. have been approved by the Board of Directors of the Na- 
K. L. Herrmann Studebaker Corporation of tional Automobile Chamber of Commerce and recommended 
America for use by the members. 

O. E. Hunt Chevrolet Motor Co. The proposed method of marking was put into effect by 
A. H. Knight Dodge Brothers some of the tire companies on May 15. It is anticipated 
H. W. Kranz Cleveland Welding Co. that marking of tires with the former name-size in small 
B. J. Lemon United States Rubber Co. characters, as indicated below the table, will be eliminated 
E. S. Marks H. H. Franklin Mfg. Co. gradually as service requirements allow of this. 
W. B. Minch Jaxon Steel Products Divi- 


The specifications, as recommended to the Standards Com- 


sion, General Motors Cor- mittee for approval as an S.A.E. Standard, are given on the 
poration following page. 
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BALLOON TIRES AND RIMS 
(S.A.E. Standard) 
Tire Sections 
Rim Diameter 4.50 4.75 5.00 5.25 5.50 6.00 6.50 7.00 
5 .25-18 5 .50-18 6 .00—-18 6 .50—-18 7 .00-—-18 
18 (28275 .25) (28275 .50) (30x6 .00) (30x86 .50) (32x7 .00) 
(302x6 .20) (302r6 .75 
4.75-19 5 .00-19 5 .25-19 5 .50-19 6 .00—-19 6 .50—-19 
19 (2824.75) (29x65 .00) (29x75 .25) (2925 .50) (3126 .00) (3126 .50) 
(28xr4 .95) (31276 .20) 
4 .75-20 5 .00—20 5 .50—-20 6 .00—20 6 .50—-20 7 .00—20 
20 (29x4.75) (30x65 .00) 39x65 .50) (3226 .00) (3226 .50) (3427 .00) 
(29x4.95) (3025 .77) 3226 .20) (3226 .76 
21 4. 50-21 
Rim-Section Width', 2.75 } } t { 414, $1, 5 
In. Flat Base or Drop 
Maximum Tire Width 
on Rim, In 4.75 $85 5:35 5.35 5.60 5.95 6.40 6.90 


*Rim widths given are nominal except the 
Method of Marking.—tTires shall be marked with the tire cross-section followed by the 
used; under which designation shall be placed, in small figures, the former name-size 


Walter Wardrop 


HE automotive industry, particular- 

ly the motor-truck branch, has lost 
a valued advocate, and the ranks of 
the automotive trade-paper men have 
lost a pioneer member, in the deplored 
passing of Walter Wardrop, president 
and general manager of the Power 
Wagon Publishing Co., on April 29, fol- 
lowing a brief attack of pneumonia. 

Mr. Wardrop was one of the real 
“old-timers” in the automotive publish- 
ing field and brought to it a superior 
education and a keen insight into the 
economics of motor’ transportation. 
Founder of Cycling Life, the first 
American trade-journal devoted solely 
to the mechanical and commercial as- 
pects of the bicycle industry, Mr. 
Wardrop merged this with The Referee 
and Bearings, two contemporaneous 
Chicago bicycle journals, in the late 
nineties, and became one of the major 
stockholders in Cycle Age. This jour- 
nal a few years later was transformed 
into an automobile periodical and re- 
named Motor Age. For a few years 
he was associated in Cleveland with A. 
L. Garford and with Hayden Eames, 
in the supplying of constructional parts 
for electrical vehicles. There he founded 
The Automobile Builder, the predeces- 
sor of Power Wagon, which he estab- 
lished in 1906 and of which he was the 
publisher continuously during the last 
quarter century, directing the policy of 
this journal primarily to the economic 
phases of motor-trucking and motor- 
coach operation. 

Mr. Wardrop was born in Dublin, 
Ireland, in 1864, and studied medicine 


2.75-in. size, which dimension is the actual 


in Dublin and in a post-graduate course 
in Germany. He was a scholarly writer 
and speaker and, after coming to 
America and entering trade journalism 
in Chicago, he performed an important 
part in influencing the development of 
the bicycle and motor-vehicle industries. 
Some years ago he suffered a nervous 
breakdown that forced him thereafte: 
to conserve his strength and _ to with- 
draw from active participation in gath 
erings of the industry to which he was 
so devoted. 

Mr. Wardrop had been a member ot 
the Society since his election to Mem- 
ber grade in 1910. As a past master at 
fly fishing, he was a member of the 
Izaak Walton League of America, the 
Mission Hill Country Club of Chicago, 
and of other sports and boating organi- 
zations. Funeral services were held 
at his residence in Evanston, Ill., and 
interment was at Olivet Cemetery, 
Aurora, Ill. He is survived by his 
widow, Mrs. Harriet Sullivan War- 
drop. 

To those who knew him, Mr. War- 
drop possessed a magnetic and lovable 
personality and great simplicity, with 
which was combined keen understand- 
ing of the problems involved in the pro- 
duction, distribution, 
maintenance of 
vehicles. 


operation and 


commercial motor- 


Ailton Beck 


Ne a member of the Society since 
4 1917 and a pioneer in gas and gas- 
oline-engine research and designing, the 
passing, on April 23, of Milton Beck, 
chief engineer of Stanley Steamer, Inc., 


width between flanges. 


rim diameter on which the tire shall be 


or sizes of the tires replaced 


of Chicago, at his home in Valparaiso, 
Ind., is greatly deplored. 

Mr. Beck was born at Macomb, IIIL., 
in 1876 and acquired his technical edu- 
cation at the South Dakota State Col- 
lege and at Purdue University, being 
graduated from the former institution 
with the degree of bachelor of science. 
As chief draftsman for the Olds Motor 
Works during the period 1900 to 1902, 
he was engaged in designing the first 
Oldsmobile. 

During the succeeding 7 years, as 
chief engineer for the Alamo Mfg. Co., 
of Hillsdale, Mich., he was occupied 
in designing internal-combustion en- 
gines and tractors. His next work was 
special designing, research and testing 
on automobile parts as research engi- 
neer for the Ferro Machine & Foundry 
Co., of Cleveland. In the same capacity 
with R. E. Olds during 1913 and 1914, 
Mr. Beck did special research work on 
tractors. For the Van Blerck Motor 
Co., of Monroe, Mich., he did special 
research work and gave lectures on in- 
ternal-combustion engines in the com- 
pany’s shop and at the 
S. C., Navy Yard. 

During the war period Mr. Beck did 
his bit by working on research, inspec- 
tion and checking design on Duesen- 
berg, Liberty and Bugatti aeronautic 
engines for the Duesenberg Motor Cor- 
poration at Elizabeth, N. J., and later 
at the company’s Chicago plant. After 
the termination of the war, from 1919 
to 1923, in the capacity of vice-presi- 
dent in charge of design for Page 
Beck White of Chicago, he had supervi- 
sion of commercial engineering on 
steam and internal-combustion engines 
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for tractors and motorcoaches. In 1923 
he became chief engineer of the Stanley 
Motor Carriage Co., of Newton, Mass., 
and subsequently returned to Chicago 
in the same capacity with this com- 
pany. 

Besides holding the grade of Mem- 
ber in the Society of Automotive Engi- 
neers, Mr. Beck was a member of the 
American Society of Mechanical En- 
gineers. 

The loss of a veteran engineer of 
such attainments and such long and 
broad experience in the automotive field 
cannot be regarded as other than a 
heavy one to the industry. 


Paul VY. Clodio 


YITH sincere regret the recent 

death of Paul V. Clodio, sales 
manager of the company, was an- 
nounced on May 14 by the Bragg-Klies- 
rath Corporation, Long Island City, 
N. Y. 

Mr. Clodio was elected an Associate 
Member of the Society in November, 
1917, at which time he was president 
and technical manager of the Houdaille 
Shock Absorber Co. 

Born at Paris, France, in 1882, Mr. 
Clodio came to the United States at an 
early age and acquired his general aca- 
demic education at the St. Ann’s Acad- 
emy, in New York City, and later took 
out citizenship papers. He spent the 
years 1898 to 1900 as draftsman and 
designer on general woodwork with 
Bradley & Co., of New York City, and 
the next 13 years successively with 
the Cudell Motor Co., Pope Mfg. Co., 
Mercedes Import Co., Benz Automobile 
Import Co., and Benz Automobile Sales 
Corporation, all in New York City. His 
position with the Cudell, Mercedes and 
3enz Import companies was that of 
manager. For the Pope company he 
was assistant manager of the New 
York City branch in charge of sales, 
and for the Benz Automobile Sales Cor- 
poration he was president. During 1916 
and 1917 Mr. Clodio was vice-president 
and manager of Clodio & Engs, Inc., 
of New York City, metropolitan distrib- 
utors of Kissel Kars. In 1917 he be- 
came president of the Houdaille Com- 
pany. From 1918 to 1924 he was metro- 
politan agent for the Kissel and the 
Cole cars, and in the latter year joined 
the Bragg-Kliesrath Corporation as 
sales manager. His home was _ in 
Flushing, Long Island. 


SFrank F. Schiefe 


by epeathebeente an illness which made 

it necessary for him to relinquish 
his position as project engineer with 
the C. Spiro Mfg. Co. because of the 
rigorous winter climate in Dobbs Ferry, 
N. Y., Frank F. Schiefer finally passed 
away this spring. 

Mr. Schiefer was elected to Associate 
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Member grade in the Society in April, 
1926, and subsequently became a mem- 
ber of the Metropolitan Section, as he 
was a resident of New York City. 

Born in Vienna, Austria, in 1891, 
he was graduated from the Technical 
University with the degree of mechan- 
ical engineer in 1914. For the follow- 
ing 9 years he was successively con- 
nected as chief engineer with several 
airplane and motorboat companies in 
Vienna and in Sweden, engaged in 
stress calculation, details and quantity 
production of airplanes and in motor- 
boat designing. 

Coming to the United States in 1923, 
Mr. Schiefer joined the engineering 
staff of the International Motor Co. as 
design engineer, working on stress cal- 
culations and details of the Mack mo- 
torcoach. The following year he went 
with the Curtiss Aeroplane & Motor 
Co., at Garden City, N. Y., for which he 
worked on details and stress calcula- 
tions on all-metal airplanes. In 1925, 
as chief engineer for Charles Hvass 
& Co., of New York City, he carried 
on similar work on the company’s 50- 
ton trailers. His last position was, as 
stated, chief engineer of the C. Spiro 
Mfg. Co., of Dobbs Ferry. 

Mr. Schiefer was a regular contrib- 
utor on airplane subjects to Flug- 
sport, the German aviation magazine 
published in Frankfort on the Main. 


Vaughan John Weatherlep 


JUNIOR MEMBER of the Society 
4% of great promise in the aeronautic 
field, Vaughan John Weatherley, aero- 
nautic engineer with the Wright Aero- 
nautical Corporation, of Paterson, N. J., 
met an untimely and deplored end in an 
airplane crash on the golf-club course 
at Teterboro, N. J., on May 9. He was 
accompanying Lieut. Royal V. Thomas 
on a test flight in a Bellanca airplane 
in which Lieutenant Thomas, who was 
also killed instantly in the crash, 
planned to make a transatlantic flight 
to Rome the following week. 

The precise cause of the accident is 
not known, but from accounts of eye- 
witnesses, Giuseppe M. Bellanca, de- 
signer and builder of the airplane, who 
was watching tests of a new airplane 
at Hadley Field, New Brunswick, 
N. J., at the time and hurried to Teter- 
boro, expressed belief that, in an at- 
tempt to glide to a landing on the golf 
course when the engine began to sput- 
ter, the craft went into a sideslip and 
struck the ground. It was completely 
wrecked. 

Mr. Weatherley was only 26 years 
of age, having been born at New 
Rochelle, N. Y., in April, 1901, but was 
married and lived in Ridgewood, N. J. 
He attended the Choate Preparatory 
School from 1917 to 1920 and the Mas- 
sachusetts Institute of Technology from 
1920 to 1925, where he took the general 
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engineering course, giving special study 
to automotive and aeronautic engineer- 
ing. While studying at the Institute, 
he was an Enrolled Student of the 
Society and was a member of the M. I. 
T. Aeronautical Engineering Society, 
for which he served as board treasurer, 
conducted research on light airplanes, 
and assisted with the aeronautic meet- 
ings. 

From 1920 to 1924 Mr. Weatherley 
was in the Reserve Officers Training 
Corps of the Army Air Service and 
qualified as a second lieutenant obser- 
ver, and in the latter year became an 
ensign and pilot in the Naval Reserve 
Force. His first commercial connection 
was effected in 1925 with the Wright 
Aeronautical Corporation, for which he 
was engaged in observation work in 
various departments of the engine man- 
ufacturing plant and in experimental 
engineering. 


Charles MM. Schwab 


UN over by an automobile and fa- 

tally injured, Charles M. Schwab, 
secretary and engineer of the Metallic 
Window Frame Co., of New York City, 
passed away at his home in Brooklyn, 
N. Y., on May 8, mourned by his widow 
and many friends. 

Mr. Schwab was elected to the grade 
of Associate Member in the Society in 
1917, and the following year was trans- 
ferred to the grade of Member. He 
was also a member of the Metropolitan 
Section. 

He was a native New Yorker, born 
in the city in 1886, and studied me- 
chanical engineering at Cooper Union 
Institute during the years 1904 to 1906. 
His connection with the automotive in- 
dustry began the following year and 
continued without interruption for the 
remaining 11 years. From 1907 to 1911 
he worked with the Smith & Mabley 
Mfg. Co. as designer on the American 
Simplex automobile, and with the 
American Locomotive Co., at Provi- 
dence, R. I., as designer and on pro- 
duction work, planning, scheduling and 
writing operation instructions on the 
Aleo car. During the two succeeding 
years Mr. Schwab was engaged in de- 
sign work for the United States Motor 
Co. At the time of his election to mem- 
bership he had been connected with the 
General Vehicle Co., of Long Island 
City, for 4 years, since 1913, and held 
the position of production engineer in 
the company’s airplane engine divi- 
sion during the war. 

Prior to entering the field of auto- 
mobile designing, Mr. Schwab, while 
attending Cooper Union at night, served 
as machinist and tool-maker for vari- 
ous firms, and in the testing laboratory 
of the Cooper Hewitt Electric Co. 
Then for more than a year he was de- 
signer of oil and gas engines for 
August Meitz, of New York City. 
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News of Section Meetings 


the troubles with motor-trucks in ser- 
vice. 

The body must be designed according 
to the load it has to carry. The body 
builder must construct, not only stake 
and panel bodies, but specialized jobs 
such as refrigerator bodies and even 
one that will carry a load of 10 tons 
suspended from the roof. Mr. Wood 
gave an example of weight reduction 
in a body built for the Morris Draying 
Co., the dimensions required being 13 
ft. long and 7 ft. wide. The weight 
to be carried was 7 tons. Bodies that 
had been built weighed about 1500 lb., 
but, to carry a certain tonnage on the 
runs, it was desired to reduce this 
weight to 1000 lb., and this was more 
than realized. 

Among the expedients adopted were 
the use of 1%-in. pine instead of %-in. 
hardwood for the floor, making a sav- 
ing of about 56 lb.; 2 x 3-in. sills in 
place of 2% x 5-in., saving 45 lb.; and 
a reduction in the section of the cross- 
members at the ends and between the 
points of support, saving 116 lb. The 
cross-members were narrower and 
therefore were trussed like the floor 
timbers of a house, adding to the 
weight about 17 lb. Reductions were 
made in the section of the sub-sill 
resting on the chassis frame and in the 
material of the head-board for which 
oak was used in the top board only. 
Where the 1%-in. cross-members rested 
on the 2-in. sub-sill, bearing plates 
were provided to give a greater sup- 
porting surface. To save drilling a hole 
through the two members at the inter- 
section, the plate was bolted to each 
side of the cross-member, with a yoke 
on top. 

Figures given by Mr. Wood on the 
strength of wooden beams showed that 
the cross-members generally used for 
truck bodies are much heavier than 
they need to be. Very small steel 
angles are said not to support quite 
so great a load as a section of wood 
having the same weight, but the con- 
dition is reversed with large and 
medium-size angles. 

Mr. Wood closed his talk with a 
plea for proper cooperation of the 
chassis-selling organizations with the 
body builders and for the gathering of 
more information on the actual weight 
of bodies in service. 

Chairman Penfield remarked, on the 
question of weight, that he once 
weighed a truck before and after it 
was painted, finding that the weight 


of paint added was 75 lb. He sug- 


(Continued from p. 696) 


gested lighter weight as a selling point 
for paint salesmen. 


PUBLIC UTILITIES USE STANDARD 
BODIES 


Body Designs for Public Utility 
Work was the subject of a paper read 
by V. W. Dennis, supervisor of motor 
vehicles, of the Pacific Telephone & 
Telegraph Co., San Francisco, who was 
the last speaker. After a few words 
on the development of the driver’s cab 
and the body in general, Mr. Dennis 
said that his own and other public- 
utility companies now are using two 
bodies; one known as Type B and the 
other as Type C. The former is pro- 
vided with boxes above the floor level, 
that open at the outside, to carry a 
supply of small material and tools for 
use on the job. This saves much con- 
fusion and loss of time. In Type C 
the boxes are omitted and a collapsible 
pole-derrick is carried on one side and 
block and tackle on the other side. The 
truck is provided with a winch, and the 
body must be extra strong for this ‘ser- 
vice. A bar containing a roller sheave 
can be mounted across the top of the 
body, and an adjustable leg, having a 
flat shoe to rest upon the ground, can 
be installed directly under the point at 
which the derrick is located. 


PROVISION FOR CREW COMFORT 


Careful provision is made for the 
comfort of the driver and crew. The 
cabs are fully inclosed and provided 
with windows and ventilators. Con- 
sideration is given to the design of the 
seat cushion, windshield and other 
items. In the top of the cabs are built 
sheet-metal racks for first-aid kits and 
such articles as blueprints, specifica- 
tion sheets and books. 

S. B. Shaw said that the Pacific Gas 
& Electric Co., with which he is con- 
nected, uses similar bodies for trucks 
of 2 and 2%-ton capacity. They have 
sought lighter weight by the use of 
metal, some of their latest bodies being 
made entirely of steel except for the 
floor. Mr. Shaw made a plea for the 
use of standard dimensions on truck 
chassis for mounting the bodies. He 
remarked that standard dimensions 
have been established by the Society 
but that they are not followed suffi- 
ciently by truck manufacturers. 

At the close of the meeting mention 
was made by E. C. Wood and Chair- 
man W. S. Penfield of a proposal to 
establish an aeronautic division in the 
Section. The matter had been dis- 
cussed with the Governing Committee 
of the Section by Second Vice-Presi- 


dent H. C. 


Dickinson. 
mittee that was appointed has found 


A special com- 


that there is 
the proposal. 


considerable interest in 
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Sunshine Drives Car 

UR modern wagons are hitched to 

the sun; the engine is the harness 
and gasoline represents concentrated 
sunshine. Such was the theme around 
which T. A. Boyd, of the General Motors 
Corporation Research Laboratories, 
wove a vivid presentation, at a meet- 
ing of the Student Branch of the So- 
ciety in the University of Detroit on 
May 14, of our modern ability to utilize 
the radiant energy of our source of 
life to give us the power used in trans- 
portation. 

Our automobiles are consuming an- 
nually as great a flood of gasoline as 
the volume of water that burst the St. 
Francis dam above Los Angeles last 
March and wrought such havoc, and 
our year’s engine fuel contains solar 
energy equivalent to 15 times the 
waterpower that could be generated by 
all the water flowing over Niagara 
Falls in a whole year, according to the 
speaker. Although people sometimes 
talk of how wonderful it would be if we 
could run our racing cars on some high 
explosive such as _ nitroglycerine or 
TNT, the fact is that gasoline contains 
a great deal more available energy than 
any of these, being at the same time 
much cheaper and safer to use. 

At 20 m.p.h. only 8 per cent of the 
chemical energy of the motor fuel is 
utilized in driving the vehicle; 80 per 
cent is lost in heat that passes out in 
the exhaust or is dissipated by the cool- 
ing water. 

After explaining briefly and clearly 
the way in which the internal-combus- 
tion engine functions by the combustion 
of the air-fuel mixture, and how the 
reciprocating movement of the pistons 
is transformed into rotary motion and 
drives the car, Mr. Boyd discussed high 
compression in the engine as a means 
of salvaging a somewhat larger portion 
of the molecular motion and using it to 
drive the vehicle. Continuing, he dis- 
cussed detonation, mean effective pres- 
sure, volumetric efficiency and other 
factors influencing engine perform- 
ance. 


WAYS TO DECREASE KNOCK TEN- 
DENCY 
Four ways of improving fuels to de- 


crease the tendency to knock were 
listed as (a) adding small quantities of 
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a knock preventive such as tetraethyl 
lead or iron carbonyl, (b) adding to the 
basic fuel a percentage of another fuel, 
such as benzol or alcohol, that is free 
from the tendency to knock, (c) crack- 
ing heavy petroleum oils into gasoline 
by means of heat, and (d) selecting 
crude oils which by their nature yield 
gasoline of good antiknock properties. 

The truth is, he said in conclusion, 
that while excellent theories of the 
cause of detonation have been advanced, 
they fail to explain the phenomena; it 
is a little like the comment on the word 
“doughboys,” applied to our soldiers 
during the World War, by a man who 
said, “Doughboys is an excellent name 
except that they were not boys and 
were not the ones who got the dough.” 

Following Mr. Boyd’s address, Mr. 
Stewart, of the Lufkin Tool Co., gave a 
short talk on new developments in mi- 
crometers, calipers, scrapers and other 
machinists’ tools, and exhibited a sam- 
ple of a new students’ tool-kit which he 
designed in cooperation with the pro- 
fessors of the General Motors Institute 
of Technology at Flint, Mich. 


BIRTH OF THE STUDENT BRANCH 


Following a long period of enthusi- 
astic work by John Caton, professor 
of automotive engineering and coordi- 
nator of the University of Detroit, de- 
voted to arousing interest in the mat- 
ter, the organization of this new Stu- 
dent Branch in the Society was voted 
for at the Feb. 13 meeting of the De- 
troit Section. Shortly thereafter, John 
H. Hunt, past-president of the Society, 
and Walter T. Fishleigh, chairman of 
the Detroit Section, formally organ- 
ized the Branch at the university and 
welcomed the member students into the 
Society. At the next Detroit meeting 
the University of Detroit Student 
Branch had 100 reservations for the 
dinner and the student group was in- 
troduced to the Detroit Section mem- 
bers by Mr. Fishleigh and given a 
rousing welcome. Some time later the 
Student Branch held an organization 
meeting at which a charter was drawn 
up and adopted and officers elected as 
follows: 


John Caton, honorary chairman; 
William Perfield, chairman; George 
McCormick, vice-chairman; Joseph 


Muffat, corresponding secretary; Vin- 
cent Hogan, recording secretary; and 
Merrill Grix, treasurer. 

This is the fourth Student Branch in 
the Society, the others being at Ohio 
State University, Massachusetts Insti- 
tute of Technology, and the General 
Motors Institute of Technology, Flint, 
Mich. The latest addition to the fam- 
ily is a bouncing youngster with more 
than 250 members. The aim of the 
happy parents is, by careful nurturing, 
to so increase the size of the infant 
within the next year that it will no 


longer be regarded as the baby of the 
family. 


Season Closes at Detroit 


C. F. Kettering Helps the Section to Get an Edge 
on Super-Activity Next Fall 


REPORT from the Detroit Section 
f\ says: “We ended the season with 
a bang on May 7, as we threatened to 
do. There were 720 at the dinner in the 
grand ballroom of the Book-Cadillac 
Hotel, about 850 attended the technical 
session, every available bit of space 
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was occupied, and Kettering told us 
what was what.” 

Beulah says that “the dance started 
about 10:30 p.m. and continued until 
12:15 a.m., at which time there were 
still about 200 couples present. An 11- 
piece band supplied snappy music and 
a dancing team provided entertainment 
during the intermissions. This evening 
certainly was a fitting climax for a suc- 
cessful season.” And, under date of 
May 10, nearly 3 days later, she says 
further: “I haven’t come to earth yet!” 
Upon this evidence it seems safe to con- 
clude that the Section attained a high 
ceiling. 


SLAVERY AS AN ASSET 


Practically every one of the great civ- 
ilizations developed to its height at the 
time it possessed the greatest number 
of slaves, said C. F. Kettering while 
addressing the technical session. The 
maximum number of slaves per citizen 
in the Roman Empire was approxi- 
mately eight, and following that period 
the Empire became decadent. Human 


slavery meant power, but it was power 
of the wrong sort and when slaves re- 
belled or died the power was lost. But 
inanimate power under control is a 
slave that has become an indispensable 
asset, and the United States has a 
greater command over such slavery than 
has any other country in the world. 

Some of the representative present- 
day: slaves he cited are electricity, the 
telephone, telegraph, radio, water 
power, steam, and automotive engines. 
Of these, perhaps none is greater than 
the inanimate individual transportation 
facility provided by the automobile. It 
has increased beyond measure the 
range of contact of the average indi- 
vidual. In addition, communication has 
developed as the result of patient work 
of the research and the designing engi- 
neers. They have controlled the forces 
which have existed in the world since 
its formation, and have made slaves of 
them to so great an extent that at 
present we have approximately 14 de- 
veloped horsepower for each individual 
in this Country, a slave potentiality 
such as no other nation in the world 
has ever had. 

Mr. Kettering voiced his satisfaction 
in the fact that the engineer has finally 
taken his proper position in the indus- 
trial world. For many years industry 
was developed around products which 
had been created by inventors, of whom 
the business man’s idea was said to be 
that they should be kept secluded. It 
has been only within the last 10 years 
that the men of this type, now called 
engineers, have had the recognition 
they deserve. 


FACILITATING HUMAN EFFORT 


Quoting some statistics regarding the 
automotive industry, the speaker said 
that in the United States there is one 
automobile for every 5 persons; in Ger- 
many, one for every 141; in France, 
one for every 46; in England, one for 
every 45; in Canada and New Zealand, 
one for every 11; in Russia, one for 
every 1600; and in China, one for every 
26,000. This is an interesting com- 
mentary on the degrees of their respec- 
tive national development. 

Only 30 per cent of the world’s pop- 
ulation has contributed anything to the 
development of machinery, Mr. Ketter- 
ing said, and therefore 70 per cent of 
the people in the world have done noth- 
ing whatever toward facilitating hu- 
man effort. The net result is that the 
United States stands today so pre-emi- 
nent in the development of engineering 
practice that this is not only a credit 
to the engineer but makes it also an 
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honor to be connected with the engi- 
neering profession. In the modern sense 
of the word, the engineer has tried to 
evaluate, to predict and to develop 
ideas that have facilitated normal hu- 
man energies so that, today, the indi- 
vidual has abilities for accomplishment 
many times greater than otherwise 
could be true. Because of the automo- 
bile he has been given a freedom such 
as he never dreamed he could have. 
Along with the automobile have come 
all the things that are built around the 
internal-combustion engine; that is, 
trucks, tractors, motorboats, airplanes 
and airships. It has been most signifi- 
cant that automotive engineers have 
been able to build a powerplant that 
goes with each vehicle, and thereby to 
create the means for individual trans- 
portation. 

The speaker mentioned having known 
of companies that were in bad shape 
financially but which have accelerated 
business by creating public demand for 
their products and later have paid off 
back debts and declared dividends. The 
point he emphasized in this respect was 
that if engineering applications can ac- 
complish such a result for a company 
that is in bad financial condition, how 
much greater an impulse the company 
would have had if it had adopted these 
measures before they became so neces- 
sary. “Instead of looking always for 
some park bench along the highway of 
progress on which to seat ourselves and 
rest,” he said, “we recognize that we 
must keep looking forward for new 
things and must keep changing. We 
must realize that each year requires 
change because of the fact that another 
year has gone by.” 


FUTURE POSSIBILITIES 


In Mr. Kettering’s opinion, predic- 
tions for the future of the automobile 
business are difficult because we are 
dealing with such important and intri- 
cate subjects that we cannot compre- 
hend them. No reason exists why we 
should not have express highways for 
automobiles and maintain car speeds 
of 60 m.p.h. or more. Referring to the 
phenomenal progress made lately in the 
science of chemistry, he used this as 
an illustration to indicate that many of 
the things we have formerly regarded 
as being impossible were impossible 
because we could not analyze them. 

Mr. Kettering said also that there is 
no limit to development and improve- 
ment of any of the things that we now 
know, the reason being that we know 
practically nothing about the great 
forces behind nature. We need greater 
imagination to create images of desir- 
able things, but we have been using so 
far only a small amount of the power 
available. The opportunities and possi- 
bilities of the future are as great as 
they have been in the past, but they 
constitute different problems.. We fail 
to recognize that the commonplace 


thing of today is the thing that leads 
to the extraordinary product of tomor- 
row. 

Regarding education, Mr. Kettering 
deplored what he calls encyclopedic 
training. He said that knowledge is 
being conveyed to students too largely 
by asking academic questions and get- 
ting academic answers. We fail to rec- 
ognize that the difference between a 
successful man and a man who fails 
lies in the amount of intelligence he 
has. He said also that, in our modern 
educational system, we are doing too 
little toward developing students’ intel- 
ligence, and he defined intelligence as 
the ability to use information. 

We need to recognize, said Mr. Ket- 
tering, that the question of success or 
failure in engineering is measured 
finally by the bank account of the or- 
ganization for which the engineer 
works. The figures written in red ink 


indicate the hisses of the community 
and tell the engineer that he is not 
wanted. The figures in black ink rep- 
resent the applause, and the commu- 
nity thus applauds the things the engi- 
neer has done successfully. Every time 
the engineer does something well, he is 
doing something toward human prog- 
press. If the man in the field can get 
along with the engineer’s product and 
it works satisfactorily for him, he buys 
more of it. If the engineer cannot de- 
sign or build products that common- 
place people can use, no matter how 
great an accomplishment it is, his engi- 
neering has not progressed very far. 
The possibilities for the engineer are 
far greater now than ever before, and 
they will continue to be greater in pro- 
portion as engineers evaluate truly the 
relationship between their work and 
the commercial phases of the automo- 
tive industry. 


Engines of Racing-Car Type 


Duesenberg Outlines Recent High-Speed- Engine 
Trend and Development 


ARKED improvement in _high- 
+ speed high-efficiency engines will 
be accomplished during the next few 
years, said Frederick S. Dusenberg 
while addressing the Milwaukee Section 
on May 2. They will have better bal- 
ance, be longer lived, develop more 
power with greater efficiency, and be 
more satisfactory to the motoring pub- 
lic. He then went on to give details 
of the recent developments in this class 
of engine, after remarking that the 
present trend is toward a large num- 
ber of small changes in design and 
construction rather than toward radical 
departures from former design and 
methods. 

The dinner at the Milwaukee Ath- 
letic Club was attended by 101 mem- 
bers and guests, and 125 were present 
at the technical session, a preliminary 
feature of which was a burlesque dem- 
onstration of a most wonderful new 
engine of ultra-futuristic design and 
performance, staged by Henry L. Deb- 
bink and Arthur R. Constantine. Some 
idea of the humorous features of the 
demonstration is conveyed by the pre- 
posterous description of its construc- 
tion given by “Professor” Debbink and 
“Herr” Constantine in the course of 
a dialogue, in which their explanations 
of why they had made radical depar- 
tures from present constructive prac- 
tice included sly hits that poked fun 
at prominent designers and engine 
builders. According to their claims, 
their efforts had resulted in a 10- 
cylinder single-cycle racing-car engine 
of 91.5-cu. in. capacity as originally 
intended but which had been changed 


to 95-cu. in. capacity to simplify the 
calculations so that each cylinder could 
be of 9.5-cu. in. capacity without hav- 
ing too many decimal places. Each 
stroke of the engine was claimed to be 
a power stroke, thus eliminating all 
the wasted strokes of the two-cycle and 
the four-cycle types. The equipment 
included, so they said, two carbureters, 
a small down-draft non-condensing in- 
take manifold, a philharmonic balancer 
to eliminate the centrifugal forces that 
cause such great losses of inertia, a 
supercharger and a _ stationary fly- 
wheel. All these, and other advan- 
tageous features, soberly presented, 
were productive of great hilarity. 


HIGH-SPEED HIGH-EFFICIENCY EN- 
GINES 


Mr. Duesenberg showed numerous 
lantern-slide views of his 9l-cu. in. 
racing-car engine and its parts, com- 
menting upon the main features of 
design and the troubles that had ne- 
cessitated design changes. The com- 
bustion-chamber is the most important 
contributor to high efficiency, he said. 
If the shape of the combustion-cham- 
ber, the area and location of the valves, 
and the location of the spark-plugs are 
not right, all the other refinements of 
detail are of little value. 

Stating that the intake manifold is 
no doubt second in importance, Mr. 
Duesenberg said further that this is 
particularly true with present fuels 
and becomes of even greater impor- 
tance as the speed of the engine in- 
creases. The firing order, the length, 
size and number of bends in the mani- 
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fold, affect the performance to such 
an extent that there is no hard and 
fast rule to work from. Apparently 
the manifold that gives top-speed per- 
formance does not give best results at 
low speed, and the manifold for best 
economy does not give high-speed per- 
formance. Therefore the best that can 
be accomplished is a compromise, and, 
unless a manifold can be perfected so 
that double carburetion becomes possi- 
ble and practicable, he sees no means 
of obtaining correct mixtures at all 
speeds. 


EFFECT OF VALVE DETAILS 


Regarding valves, valve area, and 
operating mechanism, which the speak- 
er mentioned as important factors in 
obtaining high speed, efficiency and 
performance, valve area does not seem 
to be an important factor at low 
speeds; but for high speeds it is the 
controlling factor unless a_ super- 
charger is used. In the latter case the 
pressure created by the supercharger 
can offset to some extent the deficiency 
in valve area. The actual valve area 
is not all that must be considered. 
The shape of the valve, its circumfer- 
ence and the surrounding contour of 
the head all play an important part. 

Concerning the comparative merits 
of the tulip and the mushroom types 
of valve, Mr. Duesenberg stated that 
he doubts if any great difference in 
actual performance exists. He believes 
the tulip type is better adapted for 
intake on account of its better stream- 
lining. For the exhaust, he advocates 
the mushroom type because it has less 
surface exposed to the heat and the 
heat has a better effect on keeping the 
valve seated. 

The speaker mentioned that the 
valve-seat angle is of considerable 
importance in connection with high 
speed. Comparing the 30-deg. angle 
seat with the 45-deg. angle seat, he 
stated that it is possible to get con- 
siderably greater area and a better 
opening for the same amount of lift 
with the former. The reason the angle 
is important is that the speed of the 
engine is controlled mainly by the abil- 
ity to move the valves fast enough and 
to get the best possible amount of in- 
take area. 


OPINIONS DIFFER REGARDING PISTONS 


Commenting on pistons and piston- 
rings, Mr. Duesenberg said that there 
is a very wide range of opinion as to 
what constitutes correct piston-design. 
All agree that a piston should fit the 
cylinder as closely as possible so that 
the rings can function and be separated 
from the cylinder-walls only by a thin 
film of oil, so that they do not score. 
The difficulty of accomplishing this, 
however, lies in securing a uniform fit 
for the full length of skirt when either 
hot or cool, in keeping oil on this sur- 





face, and in keeping oil off of the 
piston-head. From his recent experi- 
ence, he concludes that no set rule can 
be used to get satisfactory results. He 
cited one instance in which most excel- 
lent results were obtained with a very 
plain piston having three plain com- 
pression-rings and no oil ring. 

In answer to numerous questions 
asked after the presentation of his 
paper, Mr. Duesenberg made liberal 
use of lantern-slide views and went 
further into detail regarding construc- 
tion features, giving also citations of 
experiences while testing new designs 
of engines and parts. He also exhib- 


ited samples of parts which had been 
used in service, particularly of pistons 
and piston-rings, and mentioned their 
advantages and disadvantages. The 
subjects of lubrication and of heat dis- 
sipation were also discussed, as well as 
the power required for supercharging 
and the methods for lubricating super- 
chargers. 

It was announced by Chairman Fred 
M. Young that the following Section 
officers had been elected for the coming 
year: Cyrus L. Cole, chairman; Arthur 
C. Wollensak, vice-chairman; R. W. 
Ballentine, treasurer; and Henry L. 
Debbink, secretary. 


Radial Aero-Engine Design 


Brewer Tells of Details To Consider in Designing 
Commercial Engines 


BOUT 150 members of the Penn- 
sylvania Section met in Philadel- 
phia on May 8 to hear Capt. Robert 
W. A. Brewer, consulting engineer, 
read his paper on the designing of 
radial air-cooled engines for commer- 





RADIAL ENGINE DESIGNED BY BREWER 


Rear View of Aeronautic Engine Described 

at Pennsylvania Section Meeting. Cylinders 

Are 4% x 5 in., Cast Iron. The Engine 

Weighs 455 Lb. and Develops 160 Hp. at 
1800 R.P.M. 


cial airplanes, which had been deliv- 
ered about a month before to the 
Society of Engineers, Inc., in England. 
More than one-half of those who at- 
tended the Philadelphia meeting also 
attended the Section dinner, which pre- 
ceded it. 

As the speaker designed a fixed 
radial-engine in 1921, he has been 
closely identified with engines of this 
type for a long time. Among the ad- 
vantages claimed for them by Mr. 


Brewer are accessibility, absence of 
troubles with the cooling system at 
both extremes of temperature, and 
adaptability for a geared propeller be- 
cause of freedom from torsional vibra- 
tion. The provision of a scavenging 
oil-pump, together with cylinders pro- 
truding into the crankcase, is given as 
the key to the overcoming of early 
difficulties from over-oiling of radial 
engine-cylinders. 

One of the leading objects of an air- 
plane-engine designer is to obtain the 
greatest possible ratio of power to 
weight, combined with trustworthiness. 
To do this it is necessary to stress 
each portion of the material of the 
structure to the greatest permissible 
amount during the greatest possible 
proportion of the time the engine is 
in operation. In this respect the radial 
engine has a great advantage over the 
in-line engine, because a single section 
of the crankcase and a single throw 
of the crankshaft do duty for a multi- 
plicity of cylinders. 


EXTREME LIGHTNESS NOT REQUIRED 


Designs of military and commercial 
engines differ in that, in the former, 
the utmost of performance is demanded 
regardless of cost, whereas commercial 
operators require economy in first cost 
and upkeep, even at the expense of a 
little additional weight. This difference 
in attitude affects both the structural 
design and the fuel requirements, since 
it is desirable for the commercial en- 
gine to operate on ordinary commer- 
cial gasoline. 

Generally, it is desirable to design 
a radial engine with cylinders as large 
in bore as can be crowded around the 
crankcase without piston interference 
and within a reasonable over-all diam- 
eter. With the customary arrangement 
of a master connecting-rod, it has been 
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necessary to choose between a split- 
end master connecting-rod with a one- 
piece crankcase and a solid rod at the 
expense of providing a two-piece crank- 
shaft and a crankcase split through 
the central plane of the cylinder; but 
the author has applied, to engines he 
has recently designed, a solid master- 
rod with a link assembly that can be 
mounted on the crankshaft through 
the end cover-plate of the crankcase. 


WEIGHT OF CAST-IRON CYLINDERS 


One of the problems in designing the 
connecting-rod assembly is to space 
the links on the master rod so that 
the pistons shall come to their top cen- 
ters at equally spaced time-intervals. 
This can be done without varying the 
radial height of the cylinders by crowd- 
ing the links on the side opposite the 
master rod. Cast-iron cylinders in a 
commercial-size engine can be made 
to weigh less than 18 lb. each, complete 
with heads, valve pockets, mounting 
flanges and cooling ribs. 

For a commercial engine, Mr. Brewer 
believes there is no substitute for cast 
iron. With a nine-cylinder engine it is 
possible to use a cam rotating in the 
direction of the crankshaft at 1/10 
of the crankshaft speed, or in the oppo- 
site direction at % crankshaft speed. 
The author has found the best results 
with the former alternative and a valve 
contour suitable to operate both the 
exhaust and inlet valves without dupli- 
cation of cam lobes. His cam is driven 
by a combination of planetary gearing 
and eccentrics, which sounds compli- 
cated but is said to be more simple 
than other mechanisms for the same 
purpose. 


BRINGS OUT FURTHER 
INFORMATION 


DISCUSSION 


In the discussion, Mr. Brewer ex- 
plained that the whole valve mechan- 
ism is immersed in oil as the oil is 
thrown from the center through the 
tubes shrouding the push-rods and fills 
the casing around the valve rockers. 
For that reason, it is advantageous 
to have the adjusting mechanism out- 
side this casing. Valve-stem guides 
made from aluminum-bronze have been 
used for more than 200 hr. before 
showing much wear. They are made 
with larger clearance, and Mr. Brewer 
believes that this is largely taken up 
by carbon, accounting for the excellent 
wear. 

To make up for the friction loss 
in the carbureter, there is an impeller 
rotating with a peripheral speed of 
8400 ft. per min. At the radius of 
the carbureter inlet the linear speed 
of the impeller is 4300 ft. per min. 
The vanes are made on a logarithmic 
spiral more like a rotary air-com- 
pressor than an ordinary centrifugal 
blower. The weight of the engine is 
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455 lb., amounting to 2.8 lb. per hp. 

Asked about the cost of this engine, 
Mr. Brewer stated that he hoped to 
be able to sell it for $2,000, but the 
price may be greater or less according 
to the quantities in which it is manu- 
factured and the selling cost. 

T. R. Crellin spoke of the cast cyl- 
inder as one of the most distinctive 
things about the engine. The manu- 
facturing cost of this cylinder is about 
$10, while cylinders of another well- 
known air-cooled engine cost the Gov- 
ernment $158 each. Another departure 
is the use of duralumin in the con- 
necting-rods, making possible weights 
of about 5 lb. for the master rod and 
% lb. each for the link rods. 


OFFICERS ELECTED FOR NEXT YEAR 

At this meeting the result of the 
letter-ballot election of Section officers 
for the coming year was announced 
as follows: Chairman, Adolph Gelpke; 
Vice-Chairman, John H. Geisse; Treas- 
urer, O. M. Thornton; and Secretary, 
C. C. Trump. 

Announcement was made that the 
Section would meet at the Philadelphia 
Cricket Club for a golf party on 
Wednesday, May 23. 

At the close of the meeting, Charles 
O. Guernsey proposed a rising vote of 
thanks to Norman G. Shidle for his 
work as Chairman of the Section dur- 
ing the year just closed, and this was 
given with enthusiastic applause. 


Wabble, Shimmy, and Tramp 


Cleveland Section Studies Causes of and Remedies 
for Front-End Instability 


 igles theory and practice were in- 
voked to solve the troublesome and 
knotty problems presented by the in- 
stability of the front end of an auto- 
mobile, at the meeting of the Cleveland 
Section held May 14 in the grand ball- 
room of the Cleveland Hotel. The sub- 
ject was analyzed by two speakers, 
J. F. Duby, of the Automotive Shop 
Equipment Co., and F. F. Chandler, of 
the Ross Gear & Tool Co. S. L. Bradley 
was chairman at this climax of the Sec- 
tion’s successful season, and about 200 
members and guests attended the tech- 
nical session. An informal buffet lunch- 
eon was served afterward, and an ex- 
cellent opportunity was thus afforded 
for social features. It was announced 
that the following members have been 
elected as officers of the Section for the 
coming year: Ferdinand Jehle, chair- 
man; S. L. Bradley, vice-chairman; 
H. F. Sauer, treasurer; and Edwin L. 
Allen, Jr., secretary. 


CAUSES OF FRONT-END TROUBLE 


Nothing can be gained by dwelling on 
the importance of careful, accurate 
testing and adjustment of the various 
parts of the front end of an automobile 
unless a definite decision can be reached 
as to what the proper settings should 
be, said J. F. Duby in his introductory 
remarks. It is high time, in his opinion, 
that a standard should be determined 
which will eliminate all the confusion 
existing on account of the wide differ- 
ences of opinion of the various experts 
on front-end instability. Since there 
must be a cause for every mechanical 
movement, if the front end of an auto- 
mobile generates movements that are 
undesirable the first step in eliminating 
the condition is to ascertain the cause 


of a particular movement, in place of 
putting a damper on to choke or deaden 
the movement. 

The speaker first discussed the subject 
of camber, saying that the wheels are 
brought closer together at the bottom 
than at the top by changing the angle 
between the king-pin and the spindle. 
It is done principally to bring the bot- 
tom of the wheels more nearly in a 
direct line with the center line of the 
king-pin, thereby decreasing the ten- 
dency of the wheels to change their 
course when traveling through heavy 
mud or sand or when encountering road 
resistance of any sort. 

In Mr. Duby’s opinion toe-in has al- 
most no influence on camber, and the 
slight influence it has is in the opposite 
direction to that commonly believed. It 
is often said that when the wheel is 
cambered it must also have toe-in be- 
cause, when the wheel is slanting to one 
side, it is inclined to travel in a circle 
and toe-in overcomes this tendency. Mr. 
Duby agrees that the tendency to 
travel in a circle exists, but does not 
agree that toe-in overcomes this. At 
best, the wheels are being forced to 
travel in a straight line when their nat- 
ural tendency is to travel in a circle, 
but the toe-in forces them to slide along 
slightly sidewise in addition to forcing 
them to travel in a straight line when 
their tendency is to travel in a circle. 
He also outlined the effect of camber 
on the tires. 


Is ToOE-IN REALLY NECESSARY ? 


Analyzing some of the reasons that 
seem to necessitate toe-in, Mr. Duby 
said that a principal one is to compen- 
sate for the tendency of the wheels to 
spring the spindle backward while trav- 
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eling along the road. The common mis- 
take in testing for toe-in is to fail 
to move the car forward before begin- 
ning the test. The front of the wheels 
should be pressed outward before any 
testing is done. If the steering connec- 
tions are stiff the pressing outward on 
the wheels has little effect; but if the 
spindle arms are flexible or there is 
slight play in the bearings the pressing 
outward on the front of the wheels will 
bring them into approximately the po- 
sition they would have when traveling 
on the road. 

Quoting from a paper he wrote six 
years ago, the speaker stated that “if 
the king. »ins were set out into the hub 
to bring them exactly into line with the 
center of the wheel, without slanting 
them outward at the bottom, no camber 
or toe-in would be necessary.” Since 
then, great changes have been made in 
front-axle design, and he called atten- 
tion to how nearly the condition he 
mentioned has been reached at present. 
In his opinion, the time has almost 
arrived when we can say that no toe-in 
is necessary. 


TIRE WEAR AND SHIMMY 


With high-pressure tires the contact 
between the tires and the road was so 
small that they would withstand consid- 
erable misalignment without serious re- 
sults. With balloon tires the contact is 
much greater and it is therefore very 
important to keep the wheel alignment 
within a much narrower range of accu- 
racy to prevent excessive wear. In view 
of these close limits, it is essential that 
an accurate means of testing for proper 
wheel alignment be provided, such as 
« wheel-aligning device. 

In regard to shimmy, Mr. Duby de- 
fined the various contributory move- 
ments. The term “whip” is used to de- 
scribe occasional but irregular turning 
of the steering-wheel in the hands of 
the driver. This usually results either 
from an improper drag-link setting or 
because of under-inflation of the tires. 
When the steering-wheel turns in the 
driver’s hands regularly but slowly 
when traveling over a wavy road, the 
effect is termed “tramp.” The turning 
of the front wheels violently from side 
to side at rapid regular intervals, re- 
gardless of whether this movement is 
transmitted through the steering-wheel, 
is termed “shimmy.” This condition is 
usually brought about by excessive cas- 
ter-angle, although there are many 
other contributing causes. The basic 
cause is usually the improper tilting of 
the axle, which controls the caster 
angle. 

The speaker analyzed in detail just 
what occurs when a car is shimmying, 
giving an analysis also of so-called 
high-speed shimmying. Accurate means 
of testing axle and king-pin tilt are 
needed to work out the proper set- 
tings, and Mr. Duby described an axle- 
tilt gage designed for this purpose. 
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COOPERATIVE FRONT-END RESEARCH 
NEEDED 


Mr. Chandler said in part that he has 
yet to see a high-speed shimmy that 
is not preceded by axle tramp, and that 
he believes a large part of the move- 
ment is due to gyroscopic effect. Ac- 
celeration and deceleration of rotative 
speed about the front spindles also is 
a large factor. Unquestionably, he 
stated, the sidewise spring periods caus- 
ing a reaction between the movement 
of the body mass and the turning of 
the wheels sets up terrific vibrations in 
the front end. In his opinion, one fac- 
tor of instability is that purchasing 
departments are too much inclined to 
tell the engineering departments what 
must be used in vehicle construction. 
He suggested that joint research work 
be done by the axle, wheel, tire, spring 
and steering-gear manufacturers, be- 
cause no individual has the time or 
money to assemble the equipment 
needed and conduct such research prop- 
erly. One cause of front-end trouble, 
he believes, is that in some cases the 
plans of the engineering department 
are not followed, and he cited several 
instances of parts, such as those con- 
nected with the steering-gear, that 
were inaccurate by large fractions of 
an inch. He recommended that the en- 
gineers go into the shop and check up 
on whether the design is followed in 
practice, so that errors can be elimi- 
nated before the cars are completed. 


EFFECT OF LINKING FRONT SPRINGS 


During the discussion following the 
papers, it was stated by Mr. Chandler 
in reply to a question that the linking 
of front springs on the forward end 
has been done primarily to make the 
movements of the front axle more uni- 
form. This also tends to make the 
movements of the drag-link more nearly 
accurate so that there is less tendency 
to create road shock. He stated, how- 
ever, that these practices are likely to 
increase the tendency to wander unless 
the shackles are bolted tight. In his 
opinion, the shackling of springs on the 
front end is an improvement provided 
the shackles are of a type that will per- 
mit servicing them to correct the lat- 
eral movement which will develop as a 
result of wear. 

A. J. Seaife suggested that part of 
the front-axle tramp, so-called, is 
caused by the synchronism of the tire 
period and the spring period. He men- 
tioned as one difficulty with regard to 
axle caster, which should be maintained 
within 1 or 1% deg., the fitting of the 
vehicle with air springs on the front 
end and using different air-pressures, 
which may result in giving different de- 
grees of axle caster. 

Various phases of spring mounting, 
gyroscopic action and the like were 
discussed. Mr. Chandler mentioned that 
road sympathy is a factor of good 


steering-gear design. It is entirely fea- 
sible, he said, to design steering-gears 
that will absorb any tendency to make 
them reverse, but the cars would not 
be satisfactory to drive, as the steer- 
ing-gear should retain just enough re- 
versibility so that the driver can “feel” 
the road, 


Tribute Paid to Lockhart 


EMBERS and guests of the Chi- 

cago Section stood with heads 
bowed, at the opening of the meeting 
held May 15, in silent tribute to the 
memory of Frank Lockhart, heroic rac- 
ing driver who recently lost. his life 
while attempting to break a speed rec- 
ord. He was to have been one of the 
speakers at the technical session, and 





F. E. MoskKovics 


the fact that he was not present 
brought home with even greater force 
to those in attendance the great loss 
which the automotive industry had suf- 
fered because of his untimely and 
tragic fate. F. E. Moskovics, president 
of the Stutz Motor Car Co. of America, 
who also had been scheduled as a speaker 
and who was present, was so affected 
during his introductory remarks to his 
address to the Section by the tribute 
to Lockhart, that his voice faltered as 
he referred to his regret over the death 
of his close personal friend, and to his 
high regard for him as a man and engi- 
neering expert. One tribute he paid 
was to say: “There is no shadow of 
doubt that Lockhart was the greatest 
automobile driver of all time.” 


ENGINEERING LESSONS LEARNED BY 
RACING 


In the course of his address, Mr. 
Moskovics enumerated some contribu- 
tions that racing has made to automo- 

(Concluded on p. 736) 
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Plain and Lock-Washers 


Definite Standardization Action Taken by Sectional 
Committee in Pittsburgh 


BOUT 2 years ago the organizing 

of a Sectional Committee for the 
standardizing of punched plain-washer 
and spring lock-washer sizes was un- 
dertaken by the Society and the Amer- 
ican Society of Mechanical Engineers 
as sponsors under the procedure of the 
American Engineering Standards Com- 
mittee. At that time another. Sectional 
Committee was completing its work on 
screw, and bolt heads and nuts, and, as 
standardization of washers necessarily 
depends to a large extent upon screw- 
head and nut dimensions, the Sectional 
Committee on Washers has not been 
active until recently. Some prelimi- 
nary work was done last year by the 
Committee largely on the basis of the 
S.A.E. Standards that have been in 
use for many years. A more definite 
step was taken by the Sectional Com- 
mittee, however, at a meeting held in 
Pittsburgh on May 17, at which C. W. 
Squier, representing the American 
Electric Railway Association, was 
elected chairman, and Fred Doepke, of 
the Wrought Washer Mfg. Co., was 
selected to serve as secretary. 


PLAIN WASHERS 


In general, the standardizing of plain 
washers does not present so much of a 
problem as that of lock-washers, as 
the former are in large measure 
punched from scrap material and do 
not require rolled sections of stock. It 
was pointed out at the meeting that 
to enable continued practice of using 
scrap material and because thickness 
requirements usually are not rigid, too 
close tolerance on thicknesses should 
not be set. 

The Sectional Committee will restrict 
its work for the present to steel wash- 
ers, but will probably consider washers 
of nonferrous metals and possibly 
wrought washers later on. To expe- 
dite the work, the following Subcom- 
mittee No. 1 on Plain Washers was 
appointed at the Pittsburgh meeting: 
C. R. Dowdy, of the Wrought Washer 
Mfg. Co., temporary chairman; G. A. 
Aiken, of the American Nut & Bolt 
Fastener Co.; A. H. Hoke, of the Penn- 
sylvania Railroad Systems; R. H. 
Irons, of the Central Iron & Steel Co.; 
Wheeler Lord, of the Nicetown Plate 
Washer Co.; W. J. Outcalt, of the 
General Motors Corporation; G. K. 


Thompson, of the American Telephone 
& Telegraph Co.; O. B. Zimmerman, of 
the International Harvester Co., and a 
representative of the bureau of con- 
struction and repair, Navy Department. 


LOocK-WASHERS 


Standardization of lock-washers is 
of greater interest, especially to the 
washer manufacturers, who are anx- 
ious to reduce the large number of 
rolled-steel sections they must carry at 
present to supply the large variety of 
lock-washer sizes to meet purchasers’ 
demands. In discussing a preliminary 
proposal drafted by the Sectional Com- 
mittee some time ago to reduce the 
standard to only one series of washers, 
by discontinuing the light and heavy 
series, it was recalled that probably 80 
per cent of the lock-washers made are 
used by the automotive industry and 
that an investigation had shown that 
there is definite need for the present 
three series of sizes as included in the 
present S.A.E. Standards. It was sug- 
gested, however, that further investi- 
gation might show that the number of 
steel sections in the standards could be 
reduced for sizes larger than those 
used in quantity by the automotive in- 
dustries, which sizes include bolt diam- 
eters up to about %& in. 

C. S. Clark, who represented C. H. 
Loutrel at the meeting, was appointed 
temporary chairman of Subcommittee 
No. 2 on Lock-Washers, other members 
being G. A. Aiken, of the American 
Bolt & Nut Fastener Co.; A. Boor, of 
the Willys-Overland Co.; H. B. Hird, 
of the bureau of engineering, Navy 
Department; A. H. Hoke, of the Penn- 
sylvania Railroad Systems; C. H. Lou- 
trel, of the National Lock Washer Co.; 
J.J. McBridge, of the American Car & 
Foundry Co.; W. J. Outcalt, of the 
General Motors Corporation; and O. 
B. Zimmerman, of the International 
Harvester Co. The Lock Washer Man- 
ufacturers’ Association will be invited 
to designate four additional represen- 
tatives on the Subcommittee. 

In discussing the general programs 
of the Subcommittees, it was felt that 
the Subcommittees should be prepared 
to present at least preliminary reports 
to the Sectional Committee by next De- 
cember, and that these reports should 
be based on canvasses made among the 


734 


large washer-users as to their require- 
ments and suggestions for a standard. 
It was felt that this should be done 
particularly in the case of lock-washers 
to determine the relative amount of use 
of the present three standard series of 
lock-washer sizes. 


Nut-Slot Dimensions 


N an endeavor to bring about uni- 

formity of nut-slot widths and 
depths in the various types of nut for 
which there are S.A.E. Specifications, 
a summary was made of the present 
dimensions and data gathered from 
nut manufacturers. 

This information was submitted to a 
Subdivision of the Screw-Threads Di- 
vision of the S.A.E. Standards Commit- 
tee, and the chairman, K. L. Herrmann, 
of the Studebaker Corporation, has 
submitted the following table of pro- 
posed nut-slot dimensions for all 
classes of nut: 


PROPOSED NUT-SLOT DIMENSIONS 


Size, Slot Width, Slot Depth, 
In. In. In. 
1/4 3/32 3/32 
5/16 3/32 1/8 
3/8 1/8 1,8 
7/16 1/8 5/32 
1/2 1/8 5/32 
9/16 5/32 3/16 
5/8 5/32 3/16 
11/16 5/32 7/32 
3/4 5/32 7/32 
3/16 3/16 1/4 
7/8 3/16 1/4 
15/16 3/16 9/32 
1 3/16 9/32 
1% 7/32 5/16 
1% 7/32 5/16 
1% 1/4 3/8 
1% 1/4 3/8 


Comments on and criticisms of these 
proposed dimensions may be sent to the 
Standards Department. The specifica- 
tions are being sent to nut manufac- 
turers for comment before being pre- 
sented to the Screw-Threads Division. 


License-Plate Bracket Slots 


RECENT communication from the 

Department of Commerce gives in 
considerable detail the results of a sur- 
vey conducted with regard to motor- 
vehicle license-plates by the Depart- 
ment in the 48 States, the District of 
Columbia, Porto Rico, Alaska, Hawaii 
and the Philippine Islands. The data 
gathered relate to the length and width 
of plates, location of the legends on the 
plates, color combinations, frequency 
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of their use, and the mounting-slot di- 
mensions. 

Possibly the most interesting result 
of the survey is that it shows that for 
the first time all of the plates issued 
in all of the States and the aforemen- 
tioned possessions of the United States 
fit the S.A.E. Standard License-Plate 
Bracket Slots. This means that a car 
fitted with a standard S.A.E. mount- 
ing bracket can be shipped to any place 
in these territories with assurance to 
the purchaser that his license-plates 
will fit the brackets without repunch- 
ing, and also that the manufacturer 
furnishing the bracket can save cost 
through the standardization of his 
bracket-punching tools. The S.A.E. 
Standard is printed on p. 198 of the 
1928 issue of the S.A.E. HANDBOOK. 


Motorcoach Regulations 


HE proposed Uniform Code for 

Motorcoach Specifications that was 
formulated by a Special Committee on 
which the Society was represented and 
the principal part of which was print- 
ed in the April, 1928, issue of THE 
JOURNAL, p. 477, was the subject of 
consideration at a meeting of the 
Motorcoach Division of the Society’s 
Standards Committee in Detroit on 
May 11. One of the major changes 
recommended in the report was the 
inclusion of a definition for a type of 
motorcoach rapidly coming into use for 
suburban service that follows the con- 
structional features of the parlor-car 
type, but has sufficient headroom for 
carrying a limited number of stand- 
ing passengers. The definition recom- 
mended is: 


A Suburban-type Motorcoach 
is one designed with longitudinal 
aisle and cross-seats and provid- 
ing for a limited number of 
standing passengers. 


It was also recommended that the 
present descriptive name for the Ob- 
servation Parlor-Car type be changed 
to Raised-Deck Parlor-Car, as it is 
common practice to call the conven- 
tional single-deck parlor-car with large 
plate-glass rear-windows, a grill and 
reversed seats in the rear, an observa- 
tion parlor-car. 


SOME RULE MODIFICATIONS 
RECOMMENDED 


The recommended inclusion of the 
suburban type resulted in modifying 
Rule 5 for the minimum headroom di- 
mensions by changing the first item 
under this rule, City-Type Buses—76 
In., to read City and Suburban-Type 
Buses (Single-Deck)—76 In. Also, 
under this rule it was recommended 
that provision be made for a minimum 
height for motorcoaches of the double- 
deck city-type in which standees are 


not permitted by providing that the 
minimum height of the lower deck for 
the double-deck city-type with standees 
be 76 in. and adding the minimum 
height of 70 in. for the lower deck of 
the double-deck city-type without 
standees. 

It was recommended that under Rule 
11, Emergency Doors, exception be 
made for motorcoaches having a rear- 
ward service-door. 

Under Rule 17, which relates to stop- 
signal lights, it is very strongly rec- 
ommended that the provision for auto- 
matically operating the stop-signal 
light on the release of the clutch be 
omitted, as this is obviously unneces- 
sary, and _ stop-signals so operated 
would be very misleading to following 
vehicles. 

It was also recommended that Rule 
29 on Bumpers provide for securely at- 
taching the rear bumper but not neces- 
sarily to the chassis frame, as other 
methods are in common use. Inasmuch 
as other means than a muffler might 
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be suitably provided for muffling the 
exhaust, it was recommended that 
Rule 31, Mufflers, should read that 
“means be provided for quieting the 
exhaust” rather than that a muffler 
be required. 

A number of other minor modifica- 
tions in the proposed rules of the Code 
were also recommended. 


ONLY A STEP IN PROGRESS. 


The action taken by the Motorcoach 
Division is only a further step in prog- 
ress, as the Committee that formulated 
the Code intends to review recommenda- 
tions regarding it that will be submit- 
ted by other National organizations to 
which the Code was referred, so that 
what it is hoped may be a final draft 
can be worked out. When this is done, 
the Motorcoach Division will again re- 
view these rules with the purpose of 
revising the present §.A.E. Motor- 
coach Specifications printed on p. 525 
of the 1928 issue of the S.A.E. HANp- 
BOOK. 


Ball-Bearing Corner-Radii 


Progress Report Submitted at This Time as to 
Program of Ball and Roller-Bearings Division 


N April, 1926, the Sectional Com- 

mittee for the Standardization of 
Ball Bearings that is sponsored by the 
Society and American Society of Me- 
chanical Engineers under the procedure 
of the American Engineering Stand- 
ards Committee worked out, in cooper- 
ation with the Ball and Roller-Bearings 
Division and also the National stand- 
ardizing bodies of European countries, 
tables of annular ball-bearings in 
which the maximum fillet-radii for the 
bearing shafts and housings and the 
corner radii for the bearings were in- 
cluded. These differ from the speci- 
fication of the minimum corner-radius 
given in the S.A.E. Standard, in which 
the corner radius is defined as “the 
maximum fillet on the shaft or in the 
housing which will be cleared by the 
bearing.” 

The recommendation of the Sectional 
Committee was approved by the bear- 
ing manufacturers at that time, but 
the revision of the S.A.E. Standard 
to conform to the recommendation was 
held in abeyance because it was thought 
that further developments in the 
international standardization program 
might alter the situation. This part 
of the international program, which 
is an informal one so far as American 
interests are concerned, has been tenta- 
tively accepted by the American bear- 
ings manufacturers for the proposed 
American Standard now nearing com- 
pletion in the Sectional Committee. 

At a meeting of the bearings manu- 














a 

\ 

~ 

XV %, 

\ ( /, A 7 A/. O/ / 
Bearing NY4 Shaft 
Maximum Chamfer or SN Y Maximum Fillet 
Corner Radius, R WV k Radius, r 


4 
































Maximum Maximum 
Bearing Shaft Fillet- Bearing Corner- 

Widths mm. | Radii—r ' Radii—R 

(inel.) 
mm. | Inch mm Inch 

5—6 | 0.4 0.016 0.5 0.020 
7— 8 0.4 0.016 1.0 0.039 
9—11 0.6 0.024 1.0 0.039 
12—14 1.0 0.039 1.5 0.059 
15—20 | 1.0 0.039 2.0 0.079 
21—25 1.5 0.059 2.5 0.098 
26—30 2.0 0.079 3.0 0.118 
31—39 2.0 | 0.079 3.5 0.138 
41—50 2.5 0.098 4.0 0.157 
52—54 3.0 0.118 5.0 0.197 





facturers in New York on April 24, 
it was decided to continue their study 
of the various factors affecting the 
manufacture of bearings. So far as 
corner radii are concerned, it was 
agreed that the bearing corner-radii 
specified should be maximum rather 
than minimum to provide a zone, as 
shown on the accompanying illustra- 
tion, in which any corner radius fall- 
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ing therein can be used by the bearing 
manufacturers without causing inter- 
ference. 

In the original proposal of the 
American Standard, the bearing corner- 
radius for the 4 and 5-mm. bore sizes 
was 0.6 mm., but this has been found 
too large and was consequently changed 
to 0.6 mm. 

The Ball and Roller-Bearings Divi- 
sion submits this progress report at 
this time with the purpose of submit- 
ting final recommendations to the 
Standards Committee for adoption by 
the Society at the Annual Meeting next 
January. .<;Im -the meantime, sugges- 
tions helpful to the program, and espe- 
cially regarding the corner radii, are 
desired. 


PROGRESS REPORT 


The Ballard Roller Bearings Divi- 
sion is proceeding on the basis that the 
Maximum Fillet-Radii for Shafts and 
Housings and Maximum Corner-Radii 
(Chamfer) for Ball Bearings, should 
apply to the following series of bear- 
ings in the present S.A:E. Standard, 
commencing on p. 212 of the 1928 issue 
of the S.A.E. Handbook, as shown in 
the accompanying table. 


Annular, Light Series (200) 
Annual, Medium Series (300) 
Annular, Heavy Series (400) 
Annular, Wide Series (5200) 
Annular, Wide Series (5300) 
Annular, Wide Series (5400) 
Annular, Extra Small (30 to 39) 


Angular Contact, Light Series 
(7200) 
Angular Contact, Medium Series 
(7300) 
Angular Contact, Heavy Series 
(7400) 











Head-Lamp Lenses Revised 


New Table Provides for Wide-Flange and Narrow- 
Flange Types 


SUBDIVISION of the Lighting 

Division, under the chairmanship 
of W. M. Johnson, of the National 
Lamp Works, Nela Park, Cleveland, 
has been studying the present S.A.E. 
Head-Lamp Lens Specifications with a 
view to revising these standards. 

A new table of outside diameters and 
diameters of prismatic areas is em- 
bodied in the report, which provides 
for two types of lens, one with a wide 
and the other with a narrow flange. 
The illustration and table published 
herewith comprise the proposed S.A.E. 
Standard on Head-Lamp Lenses as it 
will be submitted to the Lighting Divi- 
sion for approval. 

The specifications are also being sub- 
mitted to lens and lamp manufacturers 
for comment and criticism. 

It will be appreciated if members in- 
terested in these specifications will 
write their comments to the Standards 
Department so that they can be con- 


sidered when the Division discusses 
this subject. 
HEAD-LAMP LENSES 


(S.A.E. Standard) 


This standard applies only to motor- 
vehicle electric head-lamp lenses. The 
thickness of the lens flange for all sizes 
of head-lamp lenses shall be 5/32 in. at 
the edge of the prismatic area and 1/8 
in. at the edge of the lens, with toler- 
ances of plus 1/64 in. and minus 0. 

One lens locating notch 17/32 in. 
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Flange 
“se ---- Prismatic Area Diameter (Outside) -> Thickness 
of Flange 
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HEAD-LAMP LENS AND PRISMATIC AREA 
DIAMETERS 
Outside Diam- Diameter of Pris- 
eter, In. matic Area, Sq. In. 


Wide Narrow Maxi- Mini- 
Flange’ Flange’ mum mum 
8.00 7.50 6.980 6.955 
8.25 7.75 7.230 7.205 
8.50 8.00 7.480 7.455 
8.75 8.25 7.730 7.705 
9.00 8.50 7.980 7.955 
9.25 8.75 8.230 8.205 
9.50 9.00 8.480 8.455 
9.75 9.25 8.730 8.705 
10.00 9.50 8.980 8.955 
10.50 10.00 9.480 9.455 
11.00 10.50 9.980 9.955 
11.50 11.00 10.480 10.455 
12.00 11.50 10.980 10.955 
12.50 12.00 11.480 11.455 
13.00 12.50 11.980 11.955 
1 Approximately ™% in 
* Approximately 14 in. 
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wide and having a minimum depth of 
1/8 in., as specified in the drawing, 
shall be located at the bottom of all 
except plain head-lamp lenses. 
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tive engineering. Many of the ideas 
first put into practice in racing cars 
have since been incorporated as a fea- 
ture of passenger-cars, he said. Among 
these he mentioned the development of 
tires, demountable rims which facili- 
tate tire changes, improvement in fuel, 
better lubrication of engine cylinders, 
and more effective carbureters. The use 
of supercharging, and the introduction 
of a device termed an “inter-cooler” 
are now being developed from racing- 
car experience. Better steering-control 
has also been developed from such ex- 
perience, he said. Mr. Moskovics then 
related some of his experiences in con- 
nection with racing, and cited in 
greater detail the engineering features 
which later have been improved. 
Section officers for 1928-1929 are: 
J. W. Tierney, chairman; D. P. Bar- 
nard, vice-chairman; L. W. Oldfield, 
secretary; G. A. Buckbee, treasurer. 


Section Meeting at Purdue 


NE hundred and fifty members of 
the Indiana Section closed the 
regular meetings season with a meet- 
ing at Purdue University, in Lafay- 
ette, Ind., on May 19. The day was 
spent in inspecting the latest types of 
automotive-research and testing appar- 
atus in the laboratories of the univer- 
sity and observing demonstrations of 
it; in attending a ball game between 
Purdue and Northwestern Universi- 
ties or the State collegiate track meet. 
Factors affecting combustion in Die- 
sel engines and their efficiency were 
discussed in an address by Prof. A. E. 
Hershey, of the University of Illinois. 
William M. S. Jackson and Paul F. 
Hackethal, consulting engineers of De- 
troit, gave a joint paper on Four Years’ 
Research in the Light-Weight High- 
Speed Diesel-Engine Field. 


The Value of Racing 
ECOUNTING his many experi- 
ences in automobile racing, Wade 
Morton, of the Auburn Motor Co., told 
members of the Washington Section, 
at their meeting at the Racquet Club 
on May 25, of the great value of racing 
to all automobile users. He explained 
how lessons learned in racing had led 
to the development of numerous mate- 
rials of better grade and to improve- 
ments in the design of engines and 
chassis units. Mr. Morton emphasized 
particularly the importance of stock- 
car contests. Discussion following his 
address included points regarding car- 
bureters and manifolding, with refer- 
ence especially to eight-cylinder en- 
gines, and to the timing methods used 
in races. 

Section officers elected for next sea- 
son were announced as follows: T. P. 
Neill, chairman; G. O. Pooley, vice- 
chairman; G. E. Reynolds, treasurer, 
and E. §S. Pardoe, secretary. 

A -speakers’ dinner preceded the 
technical session. 


Personal Notes of the Members 


Signal Honor for E. P. Warner 


Edward P. Warner, Assistant Secre- 
tary of the Navy, has been awarded 
the medal of the Aero Club of France 
for the best technical work on aero- 
nautical engineering for 1927. The 
technical work for which Mr. Warner 
received the medal is his book, Aero- 
dynamics, the first volume of a series 
on airplane design. Readers of THE 
JOURNAL will recall that a review of 
this book appeared in the November, 
1927, issue. 

This new honor that has come to 
Secretary Warner will have a particu- 
lar interest for a large number of 
members of the Society who have 
known him as a very active partici- 
pant in the Society’s affairs since his 
election to Member grade in 1917. He 
was Second Vice-President, represent- 
ing aviation engineering, in 1923, and 
was a Councilor in 1925 and 1926. His 
committee work has included the chair- 
manship of the Publication Committee 
for 5 years; the chairmanship of the 
Aeronautic Division of the Standards 
Committee for 3 years; and member- 
ship at various times on the Meetings, 
Sections and Research Committees. He 
is a member of the Washington Section 
and was for several years a member 
of the New England Section, having 
been Vice-Chairman of the latter in 
1925. His chairmanship of the 1927 
Aeronautic Meeting Committee was 
largely responsible for the _ distin- 
guished success of the meeting that 
year, and his presence on the commit- 
tee that is planning the 1928 Aero- 
nautic Meeting augurs well for that 
event. 

Several of Secretary Warner’s con- 
tributions to aeronautical literature 
were presented by him at National and 
Section meetings, and have been pub- 
lished in THE JOURNAL as follows: 
Commercial Aviation in the Eastern 
Hemisphere, August, 1921; Airplane 
Performance Formulas, June, 1922; 
The Design of Commercial Airplanes, 
February, 1923; Commercial Aviation 
in 1923, April, 1924; Cooperation in 


Aircraft Design, November, 1926; 
Service Aviation, Aeronautical Engi- 
neering and Commercial Aviation, 


August, 1927; and Application of Non- 
Military Aircraft to Naval Purposes, 
November, 1927. 

Mr. Warner’s connection with the 
Society is characterized by unfailing 
enthusiasm and willingness to cooper- 
ate in everything pertaining to the 
welfare of the organization. For that 
reason, a mere enumeration of the 
Society offices that he has held, the 
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committees of which he has been chair- 
man or member, and the papers that 
he has presented can convey no ade- 
quate idea of the value and extent of 
his services to the Society. 


Towle Joins General Motors 


H. Ledyard Towle, who has been in 
charge of the Duco color advisory ser- 
vice since 1926, on June 1 became a 
member of the art and color section of 
the General Motors Corporation. Prior 
to his connection with the Duco service, 
he was successively associated in the 
capacity of art director with the H. K. 
McCann Co., Frank Seaman, Inc., and 
the Campbell-Ewald Co. 

In the course of his distinguished 





H. LEDYARD TOWLE 


career as an artist, Captain Towle has 
in turn been portrait painter, mural 
decorator and instructor of art. Por- 
traits form a most interesting part of 
his work, many of these having merited 
the honor of a place in institutions 
such as the Municipal Building, New 
York City; Ohio Wesleyan University; 
the National Gallery in the City of 
Washington; and the Museum of Fine 
Arts, San Francisco. He was awarded 
first prize for the best portrait by the 
Connecticut Academy of Fine Arts in 
1920. 

Captain Towle has heen an Associate 
Member of the Society and a member 
of the Metropolitan Section since 1926. 
His paper entitled Color Harmony in 
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the Automotive Industry was an inter- 
esting feature of the Society’s 1926 
Annual Meeting. Members who are 
planning to attend the 1928 Summer 
Meeting in Quebec will be glad to know 
that Captain Towle is chairman of the 
Body Design Session. 


Ford and Lawrance Receive Medals 


Two members of the Society, Henry 
Ford and Charles L. Lawrance, were 
included in a group of 16 men whose 
notable scientific achievements were 
recognized by the Franklin Institute by 
the award of medals on May 16 in 
Philadelphia. The Society membership 
of both of these distinguished men 
dates back to 1905. 

The Cresson Medal was awarded to 
Mr. Ford “in consideration of his rare 
inventive ability and power of organ- 
ization, by means of which he was able 
to effect high-speed production of auto- 
mobiles, revolutionizing the industry, 
and his outstanding executive powers 
and industrial leadership.” 

Mr. Lawrance received the Cresson 
Medal for his development of the air- 
cooled aircraft engine. 


Francis Holds New Position 


D. D. Francis has become president 
and treasurer of the Wheeler-Schebler 
Carburetor Co., of Indianapolis. In 
accepting this position, he brings to 
an end an affiliation of 7 years with 
the Marvel Carburetor Co., of Flint, 
Mich. 

Upon completion of an engineering 
course at the United States Naval 
Academy, Mr. Francis served in the 
United States Navy for 3 years. He 
first became associated with the Marvel 
Carburetor Co. as assistant superin- 
tendent in 1921, and was later pro- 
moted to the position of secretary- 
treasurer. 

Mr. Francis has been an Associate 
Member of the Society and a member 
of the Detroit Section since 1924. 


Stratford Organizes a Company 


Charles W. Stratford has organized 
the Stratford Engineering Co. in 
Kansas City, Mo., his native city. This 
company will be concerned with the 
design, manufacture, sale, erection and 
initial operation of petroleum-refining 
equipment, a field that has been ex- 
plored thoroughly by Mr. Stratford. 

After receiving his degree of Bach- 
elor of Science from Knox College in 
1903, Mr. Stratford was successively 


(Continued on p. 34) 





ALFARO, HeERACLIO (M) aeronautic engi- 
neering, 2440 Overlook Road, Cleveland 
Heights, Ohio. 


ALMEN, H. V. (M) project engineer, Gen- 
eral Motors Corporation, Room L-306 
General Motors Building, Detroit. 


ALMQuiIsT, Eric Gustar (J) draftsman, 
Curtiss Aeroplane & Motor Co., Inc., Buf- 
falo; (mail) 114 Herkimer Street. 


ANDERSON, RaLPpuH F, (J) estimator and 
engineer, A. & J. Iron Works, Chicago; 
(mail) 1624 Edgewater Avenue. 

BAILEY, ALFRED (A) director of overseas 
sales, Ferodo Ltd., Chapel-en-leFrith, via 
Stockport; (mail) “Parkfield” Carlisle 
Road, Buxton, England. 

BALASHOFF, NICHOLAS V. (M) aeronautic 
engineer, Bellanca Aircraft Corporation, 
Staten Island, N. Y.; (mail) 14 West 
64th Street, New York City. 

BaZATA, JOSEPH F. (A) spark-plug” devel- 
opment engineer. Moto-Meter Co., Inc., 
Long Island City, N. Y.; (mail) 39-35 
Sixty-fifth Place, Woodside, N. Y. 

BEAUCHAMP, RoBerT B. (A) _ time-study 
tools and equipment engineer, F. B 
Stearns Co., Cleveland; (mail) 2071 
Deanwood Avenue, East Cleveland, Ohio. 


BENCKB, ALBERT Eric (A) courtesy man- 
ager, Austral Motors, Ltd., Brisbane, 
Queensland, Australia; (mail) “Nemil- 
crest” Norman Street, Annerley, Bris- 
bane, Queensland, Australia. 


BLOMSTROM, LOWELL C. (M) _ assistant 
chief engineer, Federal-Mogul Corpora- 
tion, 11031 Shoemaker Avenue, Detroit. 

BLOOMFIELD, JOHN J. (J) research labora- 
tory assistant, Studebaker Corporation of 
America, South Bend, Ind.; (mail) 518 
South Columbia Street. 


Boats, R. B. (M)_ assistant professor, de- 
partment of mechanical engineering, Ore- 
on State College, Corvallis, Ore.; (mail) 
46 North 21st Street. 

BOHRMAN, IRVING GEORGE (J) draftsman, 
Waukesha Motor Co., Waukesha, Wis.; 
(mail) 229 Waverly Place. 

BOLAND, JOSEPH J. (M) designer, Aero- 
marine Co., Keyport, N. J.; (mail) War- 
ren and Osborn Streets. 

BoTKIN, CLAuDE E. (A) supervisor of in- 
spection, Richfield Oil Co., Los Angeles; 
(mail) 951 Sixteenth Street, Hermosa 
Beach, Cal. 


BoYNToN, Exuuis S. (A) branch manager in 
charge of sales, Kings County Buick 
Inec., Brooklyn, N. Y.; (mail) 354 East 
21st Street. 


BrRaNCH, Harry C. (M) technical service 
engineer, Leece-Neville Co., 5365 Hamil- 
ton Avenue, Cleveland. 


Brert, Henry, Jr. (M) developmnt man- 
ager, Kelly-Springfield Tire Co., Cuwm- 
berland, Md. 

Brown, H. FLercHer (M) chief engineer, 
Eagle Iron Works, Des Moines, Iowa; 
(mail) P. O. Box 135, Fort Des Moines, 
Towa. 


Burns, THomas (A) mechanic in charge, 
Department Street Cleaning, Borough of 
Queens, New York City; (mail) 55-46 
96th Street, Elmhurst, N. Y. 

CAMPBELL, E. EarRL (M) experimental en- 
gineer, Chrysler Corporation, Detroit; 
(mail) 15099 Monte Vista Avenue. 


CARNIE, JOHN (J) chassis layout and de- 
sign, American Car & Foundry Motors 
Co., Detroit; (mail) 1833 Lawndale 
Avenue. 


CHWANG, HsIa0o-CHENG (J) student, Iowa 


State College, Ames, Iowa; (mail) 2818 
West Street. 


CoCHRANE, WALTER S. (M) mechanical en- 
gineer, Chrysler Corporation, Detroit; 
(mail) 120 Elmhurst Street, Highland 
Park. 


COLLADAY, Epwarp E. (J) factory training 
work, Buick Motor Co., Flint, Mich.; 
(mail) 310 East Third Street. 


Cooper, JAMES J. (M) service engineer, U. 
S. Aluminum Co., Cleveland; (mail) 3311 
Dunn Road, Detroit. 


DeSpain, R. L. (J) assistant to chief auto- 
motive engineer, Continental Oil Co., 
Denver, Colo.; (mail) 1274 Harrison 
Street. 
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Applicants Qualified 








The following applicants have quali- 
fied for admission to the Society be- 
tween April 10 and May 10, 1928. The 
various grades of membership are in- 
(M) Member; 
ciate Member; (J) Junior; (Aff.) Af- 
filiate; (S M) Service Member; (F M) 
Foreign Member. 


dicated by (A) Asso- 





(M) chief chemist, 


West 35th Street. 
FINKL, WILLIAM F. metallurgical en- 


Finkl & Sons Co., 1326 Cort- 


F'RYCKBERG, 


: chief engineer, 
Simplicity 


Washington, 
(mail) 302 Madison Street. 


draftsman, 
Motor Co., Dearborn, Mich.; 
West Michigan Street. 

(M) president and genera] 
manager, Keystone Aircraft Corporation, 


(A) service manager, Hen- 
Motor Co., Allston, Mass.; 
12 Griggs Street. 

ALFRED JOHN M. 
manager, E. L. Phillips & Co., New York 
Esplanade Gardens, 
Avenue, Mount Vernon, N 
(J) automotive spe- 
the engineering department, 
Electric Co., 
Clark Street, Chicago. 
CLIFFORD D. 


(J) equipment 


HARRISON, ROBERT D. 


(A) engineer, 


(mail) Brighton, Mich. 


CARL (A) shop foreman, 
Nash Motor Co., 


HERSKIND, 


HERZ, FRED B. 
radiator division, 
(mail) 1271 E. Grand Boulevard. 
HIeERTA, Hans (M) draftsman, Lincoln Mo- 
tor Co. Division of Ford Motor Co., Dear- 
163 East Morley 


(M) chief draftsman in the 


LESTER E. 
Portable Rig Co., 
(mail) P. O. Box 1946. 

division superintend- 
department, 
Petroleum Corporation, 
dreth Building, St. Lowis. 


superintendent, 


motor-transport 


draftsman, 
Hall-Scott Motor 
American Car & Foundry 


Oakland, Cal. 
JOHNSON, HARRY 


5309 Broadway, 


(M) production man- 


Oshkosh, Wis. 


LELAND G. (M) manager 

department, 
618 West Chicago 
Avenue, Chicago. 

KoENIG, FRED (M) service manager, Amer- 
ican Car & Foundry Motors Co., 


Russell Street, Detroit. 
KrRouHA, LAWRENCE sales engineer. 
Harry Brothers Mfg. Co., Detroit; 


LOHMANN, M) technical 
of the automobile manufacturing depart- 
Mauser-Werke Actiengesellschaft, 


Oberndorf am Neckar, Germany. 


Corporation, 


MADINCEA, JOHN 
Corporation, 


6204 Cass Avenue, Detroit. 


(J) draftsman, Chrysler 
(mail) 3935 


MALMGREN, 
East Orange, 
Elizabeth, 


Mason, Forest L. 
department, 


(A) head of automotive 






Woodward Ave., Quincy, Mass.; (mail) 
16 Edgewood Circle. 

McAULIFFE, LESTER T. (A) secretary and 
sales manager, B-K Brake Corporation, 
Chicago; (mail) 1544 Sherwin Avenue. 

McINTYRE, CHARLES S. (A) president and 
general manager, Monroe Auto Equip- 
ment Co., Monroe, Mich. 

McNIcoL, JAMES F. (M) designer, Hupp 
Motor Car Corporation, Detroit; (mail) 
5536 Springfield Avenue. 

MILLER, C. C. (J) layout draftsman, Stude- 
baker Corporation of America, Detroit; 
(mail) 12553 Pinehurst Avenue. 

MILLER, CARL D. (M) professor of physics, 
Washington College, Chestertown, Md. 
Morton, HENRY J. (A) salesman, Frazier- 
Wright Co., Inc., Los Angeles; (mail) 

1129 Marietta Street. 

MoseEL, GEORGE H. (A) Pacific Coast man- 
ager, Raybestos Co., Bridgeport, Conn. ; 
(mail) 439 Bryant Street, San Fran- 
cisco. 

Morz, Guy W. (A) Western advertising 
representative, Society of Automotive 
Engineers, Inc., New York City; (mail) 
2841 Brighton Road, Shaker Heights, 
Cleveland. 

NaGAO, Capt. TAKEO (M) Imperial Japan- 
ese Army, 1775 Broadway, New York 
City. 

NBEF, ROBERT (M) design and production 
engineer, Cadillac Motor Car Co., De- 
troit; (mail) 2541 Sturtevant Avenue. 

NICHOL, Haroup I. (A) superintendent of 
transportation, Staten Island Edison Cor- 
poration, Staten Island, N. Y.; (mail) 
151 Drake Avenue, West New Brighton, 
Staten Island, N. Y. 

O’Hara, Tom (A) draftsman, Kermath 
Mfg. Co., Detroit; (mail) 100 West Eu- 
clid Avenue. 

OLMSTEAD, CHARLES ALLEN (J) assistant 
foreman, Chevrolet Motor Co., Tarry- 
town, N. Y.; (mail) 36 Hamilton Place. 

Orcutt, H. F. L. (F M) engineer, Gear 
Grinding Co., Ltd., Handsworth, Bir- 
mingham, England. 

OTTON, ALFRED S. (A) sales manager of 
spark-plug division, Moto-Meter Co., Inc., 
15 Wilbur Avenue, Long Island City, 
-_ = 

PELLETIER, J. EuporRE (A) instructor in 
automotive subjects, Hull Technical 
School, and chauffeur’s examiner for the 
Hull district, Hull, Que., Canada; (mail) 
18 Langevin Street. 

Piocu, Cart E. (M) master mechanic, 
Chrysler Corporation, Detroit; (mail) 
3216 Tyler Avenue. 

POLLARD, R. Spotswoop (J) sales engi- 
neer, Wheeler Reflector Co., New York 
City; (mail) Young Men’s Christian As- 
sociation, Orange, N. J. 

POLLARD, THOMAS ROYLE (FM) lecturer in 
electrical engineering, school of engi- 
neering, Canterbury College, Christ- 
church, N. Z. 

PosTaL, A. E. (A) general service man- 
ager, United Motors Service, Inc., 39 
Brighton Avenue, Boston. 

RATH, FRED (J) tool designer, International 
Motor Co., New Brunswick, N.J.; (mail) 
207 Codwise Avenue. 


REINER, JOHN (A) president, John Reiner 
& Co., Inc., 309 Church St., New York 
City. 
t1IcHARDS, C. O. (M) assistant body engi- 
neer, Cadillac Motor Car Co., Detroit; 
(mail) 9640 Ohio Avenue. 


RICHARDS, JOHN P. (M) layout, design, 
American Car & Foundry Motors Co., 
Detroit; (mail) 360 Looise Avenue. 

RIPPE, CHARLES E. (J) body detailer, Ford 
Motor Co., Dearborn, Mich.; (mail) 
14247 Prevost Street, Detroit. 


RITTER, WILLIAM C. (A) assistant to fac- 
tory manager, Long Mfg. Co., 2768 East 
Grand Boulevard, Detroit. 

SAVANE, JOHN W. (A) supervisor of sup- 
plies and motor vehicles for Long Island 
area, New York Telephone Co., 360 
Bridge Street, Brooklyn, N. Y. 

SCHLESINGER, AvuGUST B. (M)_ designer, 
American Car & Foundry Motors Co., 
5718 Russell Street, Detroit. 
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SCHLESMAN, CARLETON H. (J) supervisor 
of engine division, general laboratories, 
Standard Oil Co. of New York, 412 
Greenpoint Avenue, Brooklyn, N. Y. 

ScHMIDT, FRANK W. (M) chief engineer, 
Jaxon Steel Products, Jackson, Mich. 


SeaBURY, RALPH _L. (M) owner and man- 
ager, Toledo Factories Building, Toledo. 


Sears, WILLIAM A. (A) instructor of auto- 
mobile mechanics, Lane Technical High 
School, Chicago; (mail) 1357 East 48th 
Street. 

Stmpson, O. H. (J) dynamometer labora- 
tory testman, Hupp Motor Car Corpora- 
tion, Detroit; (mail) 3166 Thomas Ave- 
nue, Berkeley, Mich. 

SmITH, WALTER S. (M) chief engineer and 


factory superintendent, Howard W. Lyon, 
Inc., 532 Lexington Avenue, New York 
City. 

SPRINGER, Ray W. (A) vice-president and 
general manager, Superior Felt Products, 
Inc., 127 Lewis Street, Flint, Mich. 

SwaNeEy, C. S. (A) regional mechanic, 
Standard Oil Co. of California, Los An- 
geles, Cal.; (mail) 1225 South Monterey 
Avenue, Alhambra, Cal. 

VAN DE BERGHE, PauL (A) engine investi- 
gator, Mack International Motor Co., 
Long Island City, N. Y.; (mail) 39-71 
58th Street, Woodside, N. Y. 

Watts, JOHN A. (M) junior engineer, In- 
ternational Motor Co., Allentown, Pa.; 
(mail) 36 South 10th Street. 





Watts, WitLiam S. (J) checker and lay- 
out man, Bendix Brake Co., South Bend, 
Ind.; (mail) 1237 North College Street. 


YOKOI, YOSHINOSUKE (M) chief engineer, 
airplane engine department, Nagoya Ar- 
senal, Atsuta, Nagoya, Japan; (mail) 
c/o C. M. Gottschau, 812 South 48th 
Street, Philadelphia. 


YOUNG, CLARENCE M. (M) director of aero- 
nautics, Department of Commerce, Room 
618, Department of Commerce Building, 
City of Washington. 


ZANZINGER, GEORGE H. (M) superintendent 
of motor vehicles, Bell Telephone Co. of 
Pennsylvania, Philadelphia; (mail) 4155 
North Franklin Street. 


Applicants for Membership 


ANDERSON, HAROLD CARL, assistant service 
manager, Gas & Oil Engine Service 
Co., New York City. 

ATHERTON, HAROLD §S., district manager in 
charge of car equipment business, 
Whitaker Battery Supply Co., Kansas 
City, Mo. 

BAKER, HENRY G., vice-president, Baker 
Machinery Co., Des Moines, Iowa. 
BERNIER, ARTHUR, service-station foreman 
and service engineer, Standard Cab 

Co., Montreal, Que., Canada. 

CHANG, K. H., student, State College of 
Washington, Pullman, Wash. 

CLARK, CHARLES S., sales department, Na- 
tional Lock Washer Co., Newark, N. J. 

ConbiIT, W. CHAPIN, student engineer, H. H. 
Franklin Mfg. Co., Syracuse, N. Y. 

Corp, E. L., president, Auburn Automobile 
Co., Auburn, Ind. 

Cox, RAYMOND J., student, Newark College 
of Engineering, Newark, N. J. 

Davis, RopGeR W., draftsman, shock in- 
sulator design, International Motor 
Co., Long Island City, N. Y. 

DorLe, JOHN M., assistant factory en- 
gineer, White Motor Co., Cleveland. 
DypR, RAYMOND W., standards department, 
Durant Motors, Inc., Elizabeth, N. J. 
ENGLER, JOE, manager, Joe Engler, Seattle. 
FeurR, Roy B., director of the laboratory. 
Copland Gear Lapping Syndicate, De- 

troit. 

FOWLER, WILLIAM JAMES, draftsman, Ed- 
ward G. Budd Mfg. Co., Detroit. 

Frazer, J. W., sales manager, Chrysler 
Sales Corporation, Detroit. 

FREE, FRANK, district manager, Cadillac 
Motor Car Co., Detroit. 

FRENCH, M. C., lubricating sales engineer, 
Union Oil Co. of California, Los 
Angeles. 

GAFFKE, WILLIAM J., foreman, Houdaille 
Engineering Co., Buffalo. 

GARDINER, GEORGE WILLIAM, superintendent, 
Brake Service Co., Los Angeles. 

GARDNER, HAROLD B., assistant to resident 
vice-president, Westinghouse Air Brake 
Co., New York City. 

GLass, PHILIP A., Detroit representative, 
Federal Bearings Co., Inc., Poughkeep- 
o00, .. &. 

GOODWIN, WILLIAM GEORGE, chief chemist, 
Dayton Rubber Mfg. Co., Dayton, Ohio. 

GREEN, ROLLAN A., vice-president and gen- 
eral manager, Graham-Paige Co. of 
New England, Boston. 

Hector, Epwarp G., junior draftsman, 
Houde Engineering Corporation, Buf- 
falo. 

Hess, ERNEST E., designing engineer, Luf- 
kin Foundry & Machine Co., Lufkin, 
Tex. 

Hos, Jose M., export manager, Pablo 
Homs, Inc., New York City. 

JENKINS, EDWARD S., production aeronauti- 
cal engineer, Curtiss Aeroplane & Mo- 
tor Co., Buffalo. 

KampE, J. Louis, sales engineer, L. A. 
Young Spring & Wire Corporation, De- 
troit. 

KING, ARTHUR W., general superintendent 





The applications for membership re- 
ceived between April 16 and May 15, 
1928, are listed below. The members of 
the Society are urged to send any per- 
tinent information with regard to those 
listed which the Council should have 
for consideration prior to their election. 
It is requested that such communica- 
tions from members be sent promptly. 





of assembly division, Willys Overland 
Co., Toledo. 

KINNEAR, HARRY D., sales manager of fac- 
tory equipment, Gabriel Snubber Mfg. 
Co., Cleveland. 

KUEHN, OTTO, laboratory assistant and in- 
structor, Armour Institute of Tech- 
nology, Chicago. 

LAMBERT, ARTHUR J., service manager, Gar- 
ford Motor Truck Co., Inc., Mount Ver- 
non, N. Y. 

LANGER, KONRAD, designer, Brooks Steam 
Motors, Inc., Buffalo. 

Mautssy, F. P., superintendent of motor- 
vehicle equipment, American Railway 
Express Co., San Francisco. 

McBripe, E. F., assistant to manager of 
purchases, Richfield Oil Co., Los An- 
geles. 

McCug, NORBERT D., assistant superinten- 
dent of transportation, Great A & P 
Tea Co., Chicago. 

McNAMARA, LigpuT. JAMES H., Adjutant 
General’s Office, New York State Ar- 
senal, Brooklyn, N. Y. 

MENTON, JOSEPH B., body designer, Murray 
Corporation of America, Detroit. 


MEYERS, LEE D., Jr., partner, Aircraft En- 
gineering Co., Los Angeles. 

MIDDAUGH, CLIFFORD J., plant construction 
miscellaneous engineer, General Elec- 
tric Co., Fort Wayne, Ind. 

MILLER, HERMAN C., service promotion and 
field representative, Olds Motor Works, 
New York City. 

MILLER, L. EARL, president, L. Earl Miller, 
Inc., Mount Vernon, N. Y. 


MILLER, Scott G., chief engineer, Consoli- 
dated Coach Corporation, Lexington, 
Ky. 

MUNROE, WALTER L., student, Franklin 
Union Technical Institute, Boston. 
Novak, J. N., draftsman, Winton Engine 

Co., Cleveland. 

OLTMANNS, A. M., engineer, Vacuum Oil 
Co., New York City. 

PINNER, W. L., chemical engineer, C. G. 
Spring & Bumper Co., Detroit. 


Popvin, A. F., general sales manager, 
Northwestern Oil Co., Superior, Wis. 
PonbD, JOHN ENOCH, consulting and design- 
ing engineer, Motive Devices, Inc., San 

Francisco. 

Post, GrEorGE B., manager, Keystone Air- 
craft Corporation of New York and 
president, Free Bottom Craft, Inc., 
New York City. 


PROCTOR, GEORGE WILLIAM, chief production 
draftsman, Chevrolet Motor Co., De- 
troit. 

RICKENBACKER, EDWARD V., assistant gen- 
eral sales manager, Cadillac Motor Car 
Co., Detroit. 

SCHLIEKER, CAPT. GRANT A., U.S.A., in- 
structor in heavy mechanical and main- 
tenance school, Tank School, Fort 
Leonard Wood, Md. 

ScCHRAG, CHARLES H., superintendent of 
ores. E. A. Wildermuth, Brooklyn, 

SCHULTZ, WOLDEMAR G., body designer and 
engineer, Biddle & Smart Co., Ames- 
bury, Mass. 

SHAHAN, Oscar A., foreman, West Vernon 
Avenue Garage, Los Angeles. 

SMITH, CLIFFORD WILLIAM, draftsman, In- 
ternational Motor Co., Allentown, Pa. 

SMITH, HAROLD G., chief engineer, Hercules 
Motors Corporation, Canton, Ohio. 

SMITH, WESLEY DIXON, general manager, 
Motor Rim & Wheel Service of Cali- 
fornia, Los Angeles. 

STECKLER, AUGUST G., factory operating 
engineer, Checker Cab Mfg. Cor- 
poration, Kalamazoo, Mich. 


STROHM, Harry, sales engineer, Wheeler- 
Schebler Carburetor Co., Detroit. 

SULLIVAN, JAMES E., associate materials 
engineer, bureau of aeronautics, Navy 
Department, City of Washington. 

THORNE, WARD, assistant superintendent, 
Mechanical Mfg. Co., Chicago. 

TICHY, FERDINAND, production engineer, 
Ceskomoravoka-Kolben-Danek Corpor- 
ation, Prague, Czechoslovakia. 

TOBUREN, JOHN O., instructor, Air Service 
Technical School, Rantoul, Ill. 

VAUGHN, CLARENCE K., JR., service mana- 
ger, Leavenworth Motor Co., Leaven- 
worth, Kan. 

WEBBER, WILLIAM S., service manager, 
Checker Cab Mfg. Corporation, New 
York City. 

WERNER, Louis A., sales’ specifications, 
Continental Motors Corporation, De- 
troit. 

WHITE, Harry HALL, assistant to repair 


service manager, White Motor Co., 
Cleveland. 


WHITE, JOHN R., superintendent of motor 
equipment and transportation, Stand- 
ard Oil Co. of New York, New York 
City. 

WILLEMS, EDWARD GEORGE, export counsel, 
oe Automobile Co., Syracuse, 

WILLENBUCHER, EUGENE HENRY, automo- 
tive engineer, The Texas Co., New York 
City. 

WILLIAMS, H. LIONEL, sales promotion 
manager, service division, Diamond T 
Motor Car Co., Chicago. 


WILLICH, C. FR., managing director, C. D. 
Magirus Aktiengesellschaft Ulm. A. D., 
Magiruswerk, Germany. 

WINKLER, HERMAN E., engineer, Schwitzer- 
Cummins Co., Indianapolis. 

WRIGHT, Epwarp D., service manager, 
Graham-Paige Co. of New England, 
Boston. 





Notes and Reviews 


AIRCRAFT 


Everybody’s Aviation Guide. By Vic- 
tor W. Pagé. Published by the Nor- 
man W. Henley Publishing Co., New 
York City. 247 pp. 140 illustrations. 

[A-1] 

This guide endeavors to present, in a 
simple and concise style, the knowledge 
that the average person desires about 
all phases of aircraft construction and 
operation. It contains 600 questions 
and answers grouped in a brief but 
practical series of lessons logically ar- 
ranged and easily understood. Many 
of the numerous diagrams and photo- 
graphs accompanying the text have 
been especially prepared to simplify the 
subject matter for the layman. 

The author takes the reader from the 
elementary conceptions of mechanical 
flight and primitive forms of aircraft 
to a more advanced consideration of 
aerodynamic principles. He succeeds in 
Going this by (a) outlining briefly the 
early aeronautical history, (b) analyz- 
ing the construction of various types 
of airplane, and (c) presenting the 
principles by which flying craft navi- 
gate the air. 

Other phases discussed are: (a) 
water and air-cooled types of airplane 
engines, and (b) the relation of air- 
plane parts to one another and their 
functions. Simplified explanations are 
given of the theory of flight and how 
aircraft are controlled. 

This book will attract the practical 
rather than the technical reader. It 
will appeal, not only to the person be- 
ginning to study aviation, but to the 
shopman or garageman who wishes to 
start the study of aeronautics to be 
prepared to enter this new and rapidly 
developing field. 


The Constructional Design of Metal 
Flying-Boat Hulls. By F. Langley. 
Published in The Aeroplane, March 
28, 1928, p. 423. [A-1] 


The point of view of the naval archi- 
tect rather than that of the aerody- 
namic expert is maintained in this 
paper. 

Magnesium and beryllium alloys and 
Alclad are mentioned in the section on 
materials as possible future rivals of 
duralumin. Under the heading of 
seantlings, suggestions are made for 
the materials and methods of construc- 
tion to be employed in a typical 45-ft. 
hull, to be built in duralumin, with lon- 
gitudinal shell-plating and framed on 
the principle of the Isherwood airships. 

Steel fittings, riveting, butts and laps 
are also dealt with briefly. 


The Problem of the Long-Range Flying 
Boat. By J. D. Rennie. Published in 


These items, which are prepared by the 
Research Department, give brief descrip- 
tions of technical books and articles on 
automotive subjects. As a general rule, 
no attempt is made to give an exhaustive 
review, the purpose being to indicate what 
of special interest to the automotive in- 
dustry has been published. 

The letters and numbers in brackets 
following the titles classify the articles 
into the following divisions and subdivi- 
sions: Divisions—A, Aircraft; B, Body; 
C, Chassis Parts; D, Education; E, En- 
gines; F, Highways; G, Material; H, 
Miscellaneous; I, Motorboat; J, Motor- 
coach; K, Motor-Truck; L, Passenger 
Car; M, Tractor. Subdivisions—1, De- 
sign and Research; 2, Maintenance and 
Service; 3, Miscellaneous; 4, Operation; 
5, Production; 6, Sales. 





The Journal of the Royal Aeronauti- 
cal Society, April, 1928, p. 264. 
[A-1] 

One of the beneficiaries of the trans- 
atlantic flight disasters has been the 
flying-boat, which has gained many 
partizans, more or less well informed, 
as the suitable craft for long-range 
overseas transportation. The author, 
who has carried out much research on 
this type of vessel and who designed 
the largest one ever built, proposes in 
this article to arrive at a true evalua- 
tion of its possibilities, and to show the 
factors that must be considered care- 
fully in the designing of a long-range 
flying-boat operating under known 
weather and sea conditions. 

The author devotes much attention 
to the seaworthiness of flying-boats 
and presents a number of considera- 
tions that affect the ability to alight 
on and take off from the water. In 
connection with air performance, he 
discusses the effect on range and cruis- 
ing speed of aspect ratios, the take-off 
speed and the top speed. He shows 
how the range may be increased by im- 
proved throttled-engine consumption 
and recommends for serious considera- 
tion the advantages of the three-en- 
gined boat. 


Le Carburateur d’Aviation. By Léon 
Poincaré. Published in La Technique 
Moderne, March 15, 1928, p. 217. 

[A-1] 

Carbureters for land-transportation 
engines must furnish correct fuel-air 
mixtures for a wide range of engine op- 
eration at virtually constant altitude. 

Airplane carbureters function for com- 


740 


paratively unchanging engine régimes 
but through widely varying altitudes. 
The latter should therefore be fash- 
ioned on entirely new lines instead of 
being, as they are now, only slightly 
modified copies of their earlier motor- 
vehicle prototypes. 

With this as his thesis, the author 
points out what seems to him the road 
toward progressive aircraft-carbureter 
design. Designers should first provide 
for automatic compensation with 
changes in altitude, dealing with auto- 
matic functioning at a fixed altitude as 
an auxiliary problem which may be 
solved by a mechanical control. 

As a suggestion, suppose that a noz- 
zle is used the discharge from which 
is proportional to the depression in the 
venturi. Then, if it is granted that, 
with a fixed engine-speed and throttle 
opening, the volume of air breathed in 
remains constant with variations in al- 
titude, the depression in the venturi 
will be proportional to the air density, 
the mass of both air and fuel will be 
proportional to the depression in the 
venturi, and the richness of the fuel- 
air mixture will be independent of alti- 
tude; in other words, the carbureter 
will be automatically compensating in 
this respect. 

A few words on the complications in- 
troduced by supercharging concludes 
this clearly reasoned analysis of air- 
craft-engine carbureter action. 


Aircraft Yearbook, 1928. Published by 
Aeronautical Chamber of Commerce 
of America, Inc., New York City. 
551 pp.; 246 illustrations. [A-3] 
When, after another decade or so of 

aeronautical history, 1927 is looked 
back upon, will it have shrunk in pro- 
portion with the gradually receding per- 
spective, or will it still stand forth, as 
it seems to us now, as a prodigy of 
achievement? The answer will depend 
largely on the accomplishments of suc- 
ceeding time; but certainly the epochal 
events of the 12 months just past seem 
sufficiently important to us of today to 
merit a record that is thorough and ac- 
curate, yet sufficiently concise to be 
made widely available. 

Such a record is furnished by the Air- 
craft Yearbook, which reviews aero- 
nautics in this Country, both Govern- 
mental and civil, recounts the important 
flights of 1927, surveys the progress of 
aviation in other countries, and deals 
briefly with both the technical and in- 
dustrial developments in aircraft. 

The volume is no less valuable as a 
handbook of reference for current use. 
Information and statistics on almost 
every phase of the present aeronautic 
world are condensed in an appendix. A 


(Continued on next left-hand nage) 
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[Ga iE force of spring re- 





bound varies from just 
a few pounds to many hun- 
dreds of pounds—according to 


how far the car spring is bent. 


That is why Watson Stabil- 
ators are credited with giving 
the best “ride” —they hold 
easy when the force is light 
and hold progressively harder 


as the force is greater. 


Original and Sole Manufacturers of Stabilation 


JOHN WARREN WATSON COMPANY 
Philadelphia 
(Detroit Branch: 3081-3083 Grand Boulevard, East) 


“On time” Proportional Resistance Against Every Recoil Force 
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Leadership 


For ENGINE bearings, bushings, and 
bearing metals, most aytomotive man- 
ufacturers turn to Fedefale-Mogul with 
assurance of receiving a béttér product. 


Bronze Back, Babbitt Lined Bearings 
ie Cast Babbitt Bearings and: Bushings 
Bronze Bushings - Bronze Washers 

» Bronze Castings - Babbitt Metals 

Ma Bronze Cored and Solid Bars 


Licensed under U. S. Patents Nos. 
1,455,939 - 1,302,838 - 1,302,584 + 1,340,337 


s 
FEDERAL-MOGUL CORPORATION 
Detroit, Michigan 





gw, 
Se 


Your Reputation is Safe with Federal-Mogul— World’s Largest Engine Bearing Manufacturers 
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All Cars and Tastes 


The smart new touch in traffic today is the fine car 
with spare wood wheels. Their style is one thing; 
their practicability and acceptance are due to the 
fact'that Motor Wheel engineered them and builds 
them to be as permanently rigid, strong and silent 
as Motor Wheel wood wheels fe demountable rims 
—long the quality standard of the Industry. 


Motor Wheel builds wood wheels and Tuarc steel 
wheels for demountable rims. Motor Wheel builds 
Disteel wheels, wood wheels and wire wheels demount- 
able at the hub, and entirely interchangeable. The 
Motor Wheel line provides exactly the right wheels 
for every maker’s cars, and every buyer’s taste. 


MOTOR WHEEL CORPORATION, Lansinc, MICHIGAN 


Motor Wheel 
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In Tillotson laboratorie 
buretors, gas strainers a 
air cleaners go through 
long experimental period— 
they are thoroughly tested. 
The Tillotson units that go 
on your car will give entire 
satisfaction—millions of Til- 
lotson-equipped cars on the 
streets prove that. Let us 
recommend a carburetor, 
gas strainer or air cleaner 
for your car that will prove 
more satisfactory to both 
owner and dealer. 


TILLOTSON MANUFACTURING CO. 
Toledo Ohio 
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FARRISON 
RADIATORS 


Essex, too, relies upon 
the dependability 
of Harrison 
Radiators 
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Offices: 


New York Flint Buffalo 
—~ >A at, Hoven Detroit Portland Milwaukee 
ipinihouien ave excep- Dayton Pittsburgh Minneapolis 
tional service to Industry. Seattle Chicago Indianapolis 
Philadelphia New Orleans St. Louis 
Cleveland Spokane 













Chicago 


THREE GENERATIONS 


Pittsburgh New Orleans 


W arehouses: 
St. Louis Dayton 


nation-wide. Representatives are 
located in your territory. These 
men are competent — know the 
copper and brass business. 


The Mueller plant and Mueller ware- 
houses are so situated that deliveries 
are made promptly. 


Take advantage of this prompt 
service. 


rB 


PORT HURON - . MICHIGAN 
DETROIT DISTRICT 








Offices: 
New York Philadelphia Pittsburgh Buffalo 
Detroit Cleveland Chicago Milwaukee 
Dayton Flint New Orleans Minneapolis 
Seattle Portland Spokane Indianapolis 
St. Louis 
Warehouses: 


Chicago St. Louis Dayton Pittsburgh New Orleans 
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A Logical Source of Supply for Alloy Steel 





If you have to do with the buying of alloy steel 
we invite you, in your own interest, to investi- 
gate this source of supply. 

Every factor that makes for unusually satisfac- 
tory alloy steel service is present in ILLINOIS Alloy 
Steel Service. Modern electric and open-hearth 
furnace equipment contributes billets in strict 
chemical accordance with specifications. A mill 


embodying just about every idea that man has 
conceived for the purpose contributes close gauge 
rolling. A carefully followed inspection system 
contributes an added measure of safety, while 
central location contributes prompt delivery. 

In view of these conditions, you will find it de- 
cidedly worth while to investigate ILLINOIS Alloy 
Steel Service before placing your next order. 


Hlinnis Steel Company 


General Offices: Chicago 
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The balanced qualities of Ross Steering 
are largely the result of these features in 
which the Ross Cam and Lever Steerin 

Gear differs from the ordinary type o 
steering gear: 


Variable Ratio of Cam 


Line Contact Between Actuating and 
Actuated Members 


Low Internal Pressures 
Powerful Internal Leverage 
High Over-All Efficiency 


ROSS 
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5000 Miles of Unceasing, = 
Mile-A-Minute STEERING! 


HILE the Studebaker Dictator was setting a 

world’s record for speed and endurance on 
the Atlantic City Speedway, Ross Cam and Lever 
Steering Gear was establishing a record for easy, 
safe and dependable steering. 


The record-making Dictator, like all other 
Studebaker models, was Ross-equipped. Here is 
Studebaker’s own report on the performance of 
the steering through the “5,000 miles in 4,751 
minutes” grind: 

“This run was a rigid test for every part of the 

car, including the steering gear. The Ross Steer- 

ing Gears on both Dictators were highly satis- 

factory and the cars handled 100% during the 

run, despite rain and a frosty track.” 
Get the effect of the high banked turns in the 
photograph above—steering under a side strain a 
large part of the time. Calculate the added difficul- 
ties of a slippery board track. Think of 5000 con- 
secutive miles of it. Then you can appreciate the 
accomplishment of the Ross in giving perfect 
handling throughout the run. 


Ross Cam and Lever Steering eliminates jiggle and jerk 
in the steering wheel, rights itself almost automatically 
around turns, gives easier safer steering under all condi- 
tions. That is why Studebaker and 25 other manufacturers 
of passenger cars, 9 taxi-cabs, 50 buses and 115 trucks use 
Ross as standard equipment. 


ROSS GEAR & TOOL CO, -: LAFAYETTE, IND. 
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Check Papers Desired 
Print Name 
Tear Off and 
Mail 


If you desire to study the 
technical papers in 


advance of the 


1928 


Summer Meeting 


at the 





Chateau Frontenac 


GW 
QUEBEC 
Cw 


JUNE 26-29 


Cw 


See page 618 for 


complete program 
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S.A.E. Meetings Committee 
29 West 39th St. 
New York City 


[_} The Sensaud de Lavaud Automatic Transmis- 
sion—D. Sensaud de Lavaud. 


(JA New Electrical Engine Indicator—Dr. E. J. 
Martin and D. F. Caris, General Motors Re- 


search Laboratories. 


(_] Front-Wheel Drives—Herbert Chase, Erickson 
Co. 


(] Poppet-Valve Spring Design—Alfred Moor- 
house and W. R. Griswold, Packard Motor 
Car Co. 


[] Methods of Obtaining Greater Power from 
Engines Than Formerly—T. J. Litle, Jr., 
Marmon Motor Car Co. 


|_| Legislation on Avtomobile Brakes—E. H. 
Lockwood, Sheffield Scientific School. 


| |European Roads and American Cars—Tore 
Franzen, Detroit Steel Products Co. 


[| Trend in European Passenger-Car Design— 


Maurice Platt, The Motor, (London). 


[] Crankshaft Distortion Research—C. A. Nor- 
man, The Ohio State University. 


[| The Basic Appeal of the Motor-Car to Women 
with Relation to Body Lines and Interior 
Trimming—Paul Thomas, Style Expert and 
Sales Promotion Manager, Cheney Brothers 


Co. 

(| The Influence of Fuel Characteristics on Ac- 
celeration—Donald B. Brooks, Bureau of 
Standards. 

(_] Dew-Point and Vapor-Pressure Measurements 
of Gasoline—O. C. Bridgeman, Bureau of 
Standards. 

_|Ground Gears and Transmission Design— 
H. L. F. Orcutt, The Gear Grinding Co., 
Ltd. 

|Simultaneous Inspection and Correction of 
Gears in Production—Charles H. Logue and 
R. B. Fehr, Copland Gear Lapping Syndicate. 

_| The Airplane in Canadian Exploration—A. M. 
Narraway, Topographical Survey of Canada. 

(_] Motorcoach Operation—James L. Smith, Gray 
Coach Lines. 

|.) Motorcoach, Motor-Truck and Railway—R. 
A. C. Henry, Canadian National Railways. 


_| Society Committee Reports. 
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(Street) .. 


(City) 








S. A. E. JOURNAL June, 1928 


EXPERIENCE 
WRITES THE 
SPECIFICATIONS 


CURTISS AEROPLANE & MorTor Co., INC. 


USE NICKEL ALLOY STEEL FOR VITAL PARTS 
OF CURTISS D-12 ENGINES 





HE First Pursuit Group, U.S. Army Corps, 
equipped with Curtiss “Hawks”, powered by 
Curtiss D-12 Engines, is the crack Pursuit Group 
of the U.S. Army Air Corps. Nineteen of these 


S|] 
NICKEL ALLOY | 
STEEL PARTS OF | 

CURTISS D-12_ | 











ENGINE 


Crankshaft 


’ Connecting Rods 


Connecting Rod Bolts 

Camshaft Driveshaft 

Magneto Driveshafts 

Pumps Driveshaft 

Oil Pump Shafts 

Water Pump Shaft 

Vertical Driveshaft 

Pistons 

Gears 

Nuts 

Thrust Bearing 
Locknut 

Studs 

Piston Pins 

Wrist Pins 

Bolts 

Propeller Hub 


Send for“ Buyers’ Guide 


to Nickel Alloy Steel ‘ } " : ec : - el 
Products” ? shaft, : 
mate hee =, ; zine, wei 
f alae a 4 Ibs. and transmits 
: 2 ‘kz 5) S : 435 H.P., slightly 
SOMES ~ over 7 








pursuit planes recently made a flight from 
Selfridge Field, Detroit, to Kelly Field, Texas— 
1,400 miles in approximately 13 hours. They 
flew on schedule in perfect formation in poor 
weather, without a single mechanical breakdown 
in any motor. 


In all Curtiss D-12 Aircraft Engines, vital parts 
are made of Nickel Alloy Steel. This instance of 
Nickel Steel performance is typical of a wide range 
of other industrial applications where the supe- 
rior qualities of these Alloys have established 

many records for ut- 
most dependability. 
Information re- 
garding these uses of 
Nickel Alloys will be 
gladly furnished by 


» our staff of engineers. 


435 H.P. Curtiss 
D-12 Airplane Engine 


Thisf :rged Nickel 
Alloy Steel crank 
haft, used in 
Curtiss D-12 en 
gine, weighs 61 


H. P. per 
lb. of weight. 


N cxe|\ THE INTERNATIONAL NICKEL COMPANY (INC.), 67 WALL STREET, NEW YORK,N. Y. 
\ 
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The history of Hyatt Quiet Roller Bearings . .. since the inception 
of the automotive industry .. . records unprecedented savings in 
attention and replacement nae 


Unparalleled operating stamina... 
Uninterrupted performance... 
Unwavering satisfaction! 


At various strategic points in the chassis of cars, trucks, and busses 
are Hyatt Quiet Roller Bearings . . . selected because of the silent, 
efficient manner in which they harmonize with the objectives of 
automotive engineers. 


Selected, too, because of the faithfulness with which Hyatt quality 
preserves and protects the reputation of those products in which 
Hyatts are used. 





puiMoniZzes 







| 
.... over the miles and years 


Unita Motors 
~ . 


HYATT ROLLER BEARING COMPANY 
Newark Detroit Pittsburg Chicago Oakland 


HYATT 


QUIET ROLLER BEARINGS 














14 


S. A. E. 


JOURNAL 


“TEX ACO 


PETROLEUM PRODUCTS 


Since the first Diamond T Motor 
Truck was built seventeen years ago, 
Chrome-Vanadium Steel has been stand- 
ard for every leaf of the chassis springs. 


17 Years of Experience 
With Chrome-Vanadium Springs 


HEN the Diamond T Motor Car 
Co., Chicago, built the first Dia- 
mond T Motor Truck about seventeen 
years ago, Chrome-Vanadium Steel was 
used for every leaf of the chassis springs. 


In the ensuing years, every model of the 
Diamond T Motor Truck has also been 
equipped with Chrome-Vanadium Steel 
chassis springs. 


“After years of experience,” writes Dia- 
mond T, “we find that Chrome-Vanadium 
Steel springs are longer-lived, less subject 
to breakage and make the truck and load 


ride easier, thereby lengthening the life 
of the truck.” 


Interesting data on Chrome-Vanadium 
Spring Steel is contained in a new book, 
“Automotive Springs’. If you are inter- 
ested in better spring steels, write for a 
copy. 


VANADIUM CORPORATION 
OF AMERICA 


CHICAGO NEW YORK DETROIT 
Straus Bldg. 120 Broadway Book Bldg. 


Plants at Bridgeville, Pa., and Niagara Falls, N. Y. 


Research and Development Laboratories at Bridgeville, Pa. 


VANADIUM STEELS 


for strength, toughness and durability 
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be it witl 
personally. \ vill help \\_ 
to do your thinking. o> 


— Wisconsin Knows— 


ws) New Departures Save You Money 


. . f 
WH anu your truck is running up a More than 55 makes of 
s 


ervice bill, it is also losing pay Deverturs bell Bearings in 


e e h i Wisco i Axles. 
loads on the road. Wisconsin ra ate oo 


me of these are: 


engineers have eliminated the item of aoe 
axle bearing adjustments by using New Beosiway 
Departure Ball Bearings. Clarkepeed 
Coleman 
They have faith in New Departure’s teed 
precision construction, electric furnace Denby 


Eagle 
high carbon chrome steel and the fact that ‘ 
nothing rolls like a ball—since New 
Departures as a result obtain permanently 
rigid support and alignment which make 
for longer truck life with depreciation a 
delayed indefinitely. sc aa aa 


Menominee 
Motor Transit 
THE NEW DEPARTURE MFG. COMPANY O'Connell 


BRISTOL, CONNECTICUT 
Detroit San Francisco Chicago 
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DONNER STEEL COMPANY 
Ine. 


Manufacturers of 


ALLOY and CARBON 
STEELS 


Made to S. A. E. Standard Specifications 





Die Rolled Parts 


such as 
Rear Axles, Drive Shafts and 

Forging Blanks 
for the 


Automotive and General 


Trade 


Cold Drawn Bars 


Our every modern facility, coupled with 
the earnest desire of our organization to 
cooperate, enables us to serve you well. 


Your inquiries are solicited. 





DONNER STEEL CO., Inc. 
W orks and General Offices, Buffalo, N. Y. 


New York: Equitable Bldg. 
Philadelphia: Morris Bldg. 


San Francisco: 


Detroit: General Motors Bldg. 
Cleveland: Union Trust Bldg. 
Call Bldg. 
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mere listing of the items is formidable; organizations, their 
objects and their officers; Government departments dealing 
with aviation; airways; technical and periodical literature; 
aircraft production and export; flying clubs; races and com- 
petitions; pilots and flying operations. 

This, the tenth successive Aircraft Yearbook, takes its 
place as an important member of a worthy series. 


The Aeroplane Speaks. By H. Barber, 
ert M. McBride & Co., New York City. 
trations. [A-3] 


“It seems very pretty,” said Alice in Wonderland after 
she had read the poem on the Jobberwock, “but it is rather 
hard to understand,” and thus expressed, for all time, the 
frame of mind of lay readers of the usual type of book on 
technical subjects. 

To satisfy the curiosity of the many thousands of present- 
day Alices on aviation, The Aeroplane Speaks has been 
written. It sets forth simply and clearly the principles of 
mechanical flight, and the réles played by the different 
parts of the airplane in bringing them to the stage of prac- 
tice. The author marshals to his assistance humor, imagi- 
nation and fine writing; he is entertaining and becomes at 
times the spokesman for the beauty of experience and out- 
look to be gained from three-dimensional travel. 

In the first part of the book, the elementary principles 
are personified and show, in conversation and blackboard 
illustration, the synthesis of the airplane. The second part 
deals a little more formally but no less instructively with 
the airplane structure necessary for flight, with stability 
and control, the rigging, propellers, and the maintenance 
and inspection of aircraft. 


CHASSIS PARTS 


Researches on Springs; the Endurance of Spring-Steel 
Plates under Repetition of Reversed Bending Stress. By 
G. A. Hankins. Engineering Research Special Report 
No. 5. Published by Department of Scientific and Indus- 
trial Research, London, England. 26 pp.; 5 illustrations. 

[C-1] 

Although in 1 year alone during the war more than 
500 tons of spring-steel material for motor-vehicle repairs 
was supplied to the British Expeditionary Force in France, 
in addition to thousands of complete springs and bearings 
for the frame, the supply of replacements and repair ma- 
terials was unequal to the demands. To bolster the weak 
link thus revealed in the chain of army motor transport, 
the Department of Scientific and Industrial Research, with 
the cooperation of the industry, has conducted investiga- 
tions into the materials and the design of laminated springs. 
The present report is the first of a series covering this re- 
search. 

For the fatigue testing described, an experimental method 
was devised that represents more exactly than does the con- 
ventional procedure the conditions of use. About 20 com- 
mercial steels, heat-treated by a private firm, were tested. 
Additional specimens heat-treated by the National Physical 
Laboratory were then investigated. 

A third section examines the value of the testing machine 
when considered as a reversed-plane bending-fatigue ma- 
chine, and the results obtained with it are compared with 
those given by the rotating cantilever or Wohler bending- 
fatigue test. Finally, the investigators showed by experi- 
ment the effect of surface defects and clamping stresses 


in reducing the resistance of spring-steel plates to bending 
fatigue. 


Published by Rob- 
148 pp.; 135 illus- 


How Rotational Kinetic Energy Affects Acceleration. By 
G. B. Upton. Published in Automotive Industries, April 
21, 1928, p. 624. [C-1] 


Hill-climbing performance may not be translated, without 


(Continued on next left-hand page) 
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REATER piston travel, higher compression and 
higher speeds demand better piston rings. 
Rings must be absolutely and positively accurate, of 
proper tension, quick seating, and made of highest 
grade castings to insure an efficient, long life. 


QUALITY 
DRAINOIL 
NO-LEAK-O 
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vDANLY 


Speed Production 
...Lower unit cost 


Some 4,000 makers of stampings 
have proved spectacularly that 
Danly Die Sets do speed produc- 
tion and cut the unit cost to a 
remarkable extent. 


Do you practice “hand-to-mouth” 
buying? Danly Die Sets and ac- 
cessories make it profitable, at a 
20 to 50% saving in first cost— 
you order your die sets, dowel 
pins and die makers’ supplies, 
from stock, and have them reach 
you when you want them, ready 
for immediate use. 


Surely 20 and 50% saving in 
first cost is very much worth 
while! The saving in actual use 
is still greater, because Danly Die 
Sets guarantee you these econo- 
mies: 

Eliminate shearing of dies 

Increase enormously the “pieces per grind” 
Decrease greatly the “depth per grind” 
Cut time for mounting dies 30 to 80% 


Cut time for set-up, 60 to 80% 


Eliminate investment in 


patterns, castings 
and floor space. 


These are other money saving Danly 
accessories : 


Stripper Bolts; Springs, Pressure Pad, Strip- 


per Plate and Knockout; Pry Bars, Laps, 
Clamps. Set Screws, Cap Screws, Dowel Pins; 
Leader Pins and Bushings. Ask for data. 


Send for new 50-page catalogue, 
5th edition, the standard handbook 
among 10,000 designers, tool room 
superintendents and others. Fully 
illustrated; just off press. No obliga- 
tion. A really valuable book. 


DANLY MACHINE SPECIALTIES, Inc. 
2120 S. 52nd AVE., CHICAGO 


Detroit, Mich. 
1537 Temple Ave. 


Long Island City, N. Y. 
36-12 34th St. 


A. E. 


Die Dancy ¥ TRY2 45 
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further data, 


directly into corresponding acceleration per- 
formance. 


Whereas the only type of kinetic energy affect- 
ing the former is the translational energy, depending on the 
loaded weight of the car and its forward speed, in the 
latter the rotational kinetic energies in the road wheels, 
the engine and the clutch must also be considered. 

Methods of calculating the rotational kinetic energies 
that affect car performance are set forth, and comments are 
made as to the relative accelerating abilities of different 
types of car as revealed by such calculations. For instance, 
the advantage of a larger number of cylinders for accelera- 
tion performance, even if hill-climbing ability remains un- 
changed, is demonstrated. A table shows concretely why 
the European type of car with the high-speed small engine 
has not the acceleration of the American cars having rela- 
tively low-speed large engines, although the European cars 
are as good hill-climbers as ours when the gears are shifted 
to give the engine sufficient advantage. 


Physical Bases of Tire Cord Properties. By H. P. Gurney 
and E. H. Davis, Published in India Rubber World, 
March 1, p. 53, and April 1, 1928, p. 63. [C-1] 


While the manufacture of tire cord has improved consid- 
erably since its adoption a few years ago, the superiority of 
the present day tire is largely due to improved tire building, 
the authors contend. Contributing to the study of the tire 
carcass, which will, it is thought, become increasingly inten- 
sive, this article assembles a large number of data on tire 
cord properties. First the characteristics of cotton fiber 
are enumerated, then those contributed by the manner of 


construction, after which cord properties are finally re- 
viewed. 


Le Probleme de l’Indépendance des Roues d’Arriére. By 
D. Sensaud de Lavaud. Published in La Technique 
Moderne, April 1, 1928, p. 260. {C-1] 


Acting evidently on the theory that if one teaspoonful of 
medicine is a palliative, a cupful is a sure cure, some de- 
signers have extended the use of independent wheel sus- 
pension from its legitimate field, the front end, to the rear 
end. To make good his protest against this practice, the 
author outlines the advantages of independent springing for 
the steering-wheels, as covered by him more fully in pre- 
vious publications. He then analyzes mathematically the 
effects of applying the system to the driving wheels, and 
comes to the conclusion that it affects deleteriously both 
riding-qualities and tire wear. Contrasted with this is the 
conventional axle. 

Special features incorporated with the author’s design of 
independent front-wheel suspension, such as rubber mount- 
ing of the wheels, wide tread, and a balancer, are explained. 
Recommendations for achieving a certain degree of indepen- 
dence for the rear wheels close the article. 


ENGINES 


The Performance of Several Combustion Chambers Designed 
for Aircraft Oil-Engines. By William F. Joachim and 
Carlton Kemper. National Advisory Committee for Aero- 
nautics Report No. 282. Published by National Advisory 
Committee for Aeronautics, City of Washington. 


12 pp.; 
13 illustrations. 


[E-1] 

Several investigations have been made on single-cylinder 
test-engines to determine the performance characteristics of 
four types of combustion chambers designed for aircraft oil- 
engines. Two of the combustion chambers studied were 
bulb-type precombustion chambers; the other two were inte- 
gral combustion chambers, one being dome-shaped and the 
other pent-roof-shaped. 


The results obtained indicate that aircraft-type oil-engines 


(Continued on next left-hand page) 
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Nothing is apt 
to cost so much 
as a bearing 
that cost so little 






Another manufacturer in the Automotive Industry 
that uses SKF Bearings as regular equipment 


LE BLOND SCHACHT TRUCK CO. 





Reliability and Low Upkeep Justify Twelve 
Years’ Use of & KF Bearings on Busses 


WO factors important to suc- adjustments. Wear is a negligible 


‘i= 


1ir 


e 


Ball Bearings 


cessful bus transportation are 
inherent in S0SF Ball Bearings — 
reliability and low upkeep. It is for 
these reasons that SSF have been 
used in all important locations on 
Schacht busses and trucks for over 
twelve years. 
Sats Ball Bearings require no 


factor, and transmissions and differ- 
entials always operate quietly. Lon 
mileage records prove that the initia 
smooth-running qualities of S&F 
Ball Bearings remain unimpaired, and 
busses furnish that dependability 
which reacts to the benefit of both 
passengers and owners. 


You men who plan, build, use or pay for machines of any kind, remem- 
ber this: It costs more to replace a poor bearing than to buy the best one 


that SACS ever produced. 


AND SSF ANTI-FRICTION 


BEARINGS ARE THE HIGHEST PRICED IN THE WORLD. 


SKF INDUSTRIES, INC., 40 East 34th Street, New York, N. Y. 
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Department 
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at Your Service 





ROBLEMS involving the 

use of Copper, Brass or 
Bronze regularly confront 
automotive engineers. Per- 
haps our Technical Staff can 


be of assistance to you. 


You will find us helpful with 
suggestions and advice on the 
use of Copper, Brass or Bronze 
in accessories—in mechanical 
details—in the make-up of the 


car in general. 





We offer the facilities of this 
to automotive engineers as 
one of the functions of this 
organization. Take advantage 
of it—there is no cost or obli- 


gation on your part. 


COPPER & BRASS 


RESEARCH ASSOCIATION 


25 Broadway, New York 
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with suitably designed combustion chambers and fuel-in- 
jection systems may be operated at speeds of about 1800 
r.p.m. without encountering excessive explosion pressures. 
At a speed of 1600 r.p.m., and with a fuel quantity giving 
15 per cent excess air in the cylinder, a maximum indicated 
mean effective pressure of 119 lb. per sq. in. was obtained 
with a fuel consumption of 0.43 lb. per i.hp-hr. A minimum 
fuel consumption of 0.26 lb. per i-hp-hr. at an i.m.e.p. of 
52 lb. per sq. in. and 1600 r.p.m. was obtained with a cylin- 
der-head having a bulb-type precombustion chamber. 

The conclusion drawn is that an increase in the specific 
power-output of the high-speed aircraft oil-engine depends 
upon higher mean effective pressures and an improvement 
in mechanical efficiency. The best performance for the 
tests reported was obtained with a bulb-type combustion- 
chamber designed to give a high degree of turbulence within 
the bulb and cylinder. 


Geeignete Legierungen fiir die Herstellung von Aluminium- 
guss-Kolbenrohlingen. By H. Reininger. Published in 
Der Motorwagen, April 10, 1928, p. 217. [E-5] 
That extensive research on and utilization of aluminum 

alloys for piston material have been going on in Germany 
in recent years is indicated in this article, which enumerates 
the qualities that aluminum alloys must have to meet the 
conditions both of engine usage and production, and indi- 
cates how, in the opinion of the author, these requirements 
may best be met. 

Tables are given comparing the characteristics of cast 
iron and aluminum alloys as piston material and listing the 
aluminum alloys generally used in Germany, together with 
their manufacturers, their composition and remarks on their 
suitability for internal-combustion-engine use. Brief com- 
ments are also made on the influence of various alloying 
metals on the properties of aluminum alloys. 


HIGHWAYS 


The Problem of Automobile Exhaust Gas in Streets and 
Repair Shops of Large Cities. By J. J. Bloomfield and 
H. S. Isbell. Published in Public Health Reports, March 
30, 1928, p. 750. [F-1] 
Much discussion has been had on the possible menace to 

public health from the carbon-monoxide content of auto- 
mobile exhaust-gas in city streets; but few actual data on 
the extent of the hazard have reached publication. This 
deficiency assures a welcome to the present report of con- 
ditions in 14 large cities in which 250 samples of air were 
obtained and analyzed. 

The observations were made in a way to indicate the max- 
imum hazard, and, in the words of the authors, “The figures 
for street air, when viewed in the light of present-day 
standards of exposure to carbon monoxide, do not reveal 
the existence of a health hazard from this source in our city 
streets.” Even less of the poisonous gas is present in the 
interior of exhaust-treated motorcoaches than in the streets. 

An entirely different conclusion is reached as to garages. 
It is based on 102 tests made in 27 repair shops, the results 
of which are said to show a dangerous condition that de- 
mands the serious consideration of those concerned. The 
remedy suggested is that, when an engine must run for 
longer than 30 sec., the gases be exhausted into the outside 
air by a direct air-tight outlet of ample caliber. 


MATERIAL 


Graphical Methods in Lacquer Technology. By H. E. Hof- 
mann and E. W. Reid. Published in Industrial and Engi- 
neering Chemistry, April 1928, p. 431. [G-1] 
Entering the commercial arena at the same time that 

technical investigation and control were coming to the fore, 

the lacquer industry has from the beginning worn a scien- 
tific complexion. Its problems lend themselves to mathe- 
matical or graphical treatment, and the authors’ purposes 


(Continued on next left-hand page) 
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PROTECTION 


The old warrior phalanx 
of interlocked shields suc- 
cessfully defied the most 
powerful attack. 


Our phalanx of 
Chromium 
Nickel 
Copper 
Nickel 
in successive plates on 
spring steel bumper bars 
effectively resists the 
attacks of tarnish and rust. 


chromium plated 


© 1928, THE C. G. SPRING AND BUMPER COMPANY, DeTrorr. (189) 
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MONROE 
SHOCK ELIMINATORS 





HYDRAULIC 





Prevent Rough Riding! 


NCONTROLLED automobile springs 

are, of course, only partially efficient. 
They compress when the car hits a 
bump and cushion the downward throw 
of the body. But they immediately 
react, with almost the same force, caus- 
ing a violent spring rebound. 


It is this uncontrolled spring reaction 
that makes any car a rough rider—trans- 
lates road shocks into unpleasant and 
uncomfortable galloping, bouncing 
and sidesway! 


With Monroe Hydraulics, “cushions of 
oil” gently resist the reaction of the com- 
pressed springs—permit always a slow, 
even return of the springs to their normal 
position. A combination metering pin 
and springless escape valve insures unfail- 
ing oil pressure relief under all road or 
weather conditions. 


Our engineers will gladly equip a test 
car—show you how Monroe Hydraulics 
permanently control spring reaction and 
add new riding qualities to the car 
you manufacture. 


MONROE AUTO pe eee COMPANY 
1404 East First Street Monroe, Michigan 
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in this paper are to illustrate some of the common graphi- 
cal methods applicable in lacquer technology, and to point 
out their peculiarities and methods of analyzing them. 


The use of rectangular coordinates in representing boil- 
ing-point, evaporation and tensile-strength curves, and 
dilution ratios is exemplified. Such problems as the solu- 
bility of nitrocellulose and resins, the composition of a sol- 
vent mixture at various stages of evaporation, the behavior 
of a certain combination of solid ingredients in solvents of 
varying composition, the variation of viscosity with solvent 
composition, and costs are shown to be dealt with best by 
the triangular-coordinate system. The authors point out 
wherein the statistical method may be used in lacquer tech- 
nology and block out the province of the nomographic or 
alignment chart. 


Effect of the Testing Method on the Determination of Cor- 
rosion Resistances. By H. S. Rawdon and E. C. Groes- 
beck. Bureau of Standards Technologic Paper No. 367. 
Published by Bureau of Standards, City of Washington. 
87 pp.; 25 illustrations. [G-1] 


To obtain comparative data on the effects produced by 
different testing methods, tests were made on a copper- 
nickel series consisting of copper, nickel, and three copper- 
nickel alloys, all of commercial grade. 


The testing methods tried were simple immersion in non- 
aerated and aerated solutions; repeated immersion, both 
continuous and intermittent; spray; and an accelerated elec- 
trolytic test. The corrosive solutions employed, all of nor- 
mal strength, were hydrochloric and acetic acids, sodium 
and ammonium hydroxides, sodium chloride and potassium 
dichromate used as an oxidizing agent. A few supplemen- 
tary simple immersion tests were made in which nitrogen 
gas replaced air for agitating the solution. 

The corrosion rate and the order of relative corrodibility 
of the five materials were found to vary considerably for 
different test methods. The results clearly indicated that 


| the essential features of the service to be met should be 
| incorporated in any corrosion test designed to give infor- 


mation concerning the suitability of a metal for some par- 
ticular type of service. 


Researches on Cellulose Acetate and Its Solution: Part 1, 
Composition of Cellulose-Acetate Lacquer for Aeroplane 
Dope; Part 2, Stability of Cellulose Acetate; Part 3, 
Stabilizer for Cellulose-Acetate; Part 4, On the Acety- 
lation of Cellulose; Part 5, Relation of Temperature and 
Time of Ripening to the Viscosity of Cellulose-Acetate. 
By Katumoto Atsuki, Ryo Shinoda and Yoshio Tanaka. 
Reports of the Aeronautical Research Institute, Tokyo 
Imperial University, No. 32-36. Published by the Tokyo 
Imperial University, Tokyo, Japan. 19 pp., 4 illustra- 
tions; 17 pp.; 9 pp.; 8 pp., 1 illustration; 8 pp., 2 illus- 
trations. [G-1] 


In the research here reported the optimum composition of 
the mixed solvent for cellulose acetate in the preparation of 
an airplane dope was studied by determining the solvent 
power of the mixed solvent, the viscosity of the cellulose- 
acetate solution in the mixed solvent, and the tensile strength 
and elongation of the film produced. 


Stability of the cellulose acetate was found to be affected 
The method 
proposed by the authors for testing for stability is described. 

Calcium naphthenate was decided upon as the most effec- 
tive stabilizer for cellulose acetate as well as for cellulose 


| nitrate, in the third section of the research project. A 


fourth division comprised experiments to determine the re- 


| actions involved in acetylation. 


Experiment and theoretical calculation, in the last sec- 


| tion of the research, developed the expression 7 = ae** for 


(Continued on next left-hand page) 
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STROMBERG CARBURETOR 
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@his latest development of the Stromberg Laboratories 
has many new and distinctive features which approach 
the exacting requirements of the modern motorist more 
closely than any carburetor yet manufactured. 


Designed to provide maximum power and speed, as well 
as extraordinary smooth operation when engine turns 
over slowly. 


The ingenious pump attachment gives that quick, snappy 
acceleration that is the delight of the modern motorist. 


Excellent performance without sacrificing economy in 
gasoline consumption. 


Permit us to give youa demonstration. You will be convinced. 


STROMBERG MOTOR DEVICES CO., 58 E. 25th Street, Chicago, IIL. 


ROMBE 
CARBURETOR 
“The Accepted Standard” 
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Relentless 
manufacturers has greatly increased the stand- 


ard of motor car design and value. 
other hand, it has decreased prices. 
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competition between automobile 


On the 
Naturally, 


whenever prices must be lowered, the purchas- 
ing department of any manufacturer must lean 
more and more towards economy. 


There are certain units of any automobile which 
can be cut down in quantity or quality to help 


reduce costs. 


These units, more of the acces- 


sory or luxury type, do not greatly determine 


the performance of the car. 


But—down in the 


heart of the chassis, the clutch, the steering 
column, the steering knuckle—wherever fine 
performance depends upon the almost total 
elimination of friction—quality must prevail 
and every unit, every thrust bearing, be selected 
for 100% efficiency. 


Thrust Bearings—unseen because they are for- 
ever at work in the vital parts of the car—un- 
familiar to the car owner because they are 


seldom brought to his attention—must be de- 


pendable. 


And—if they are Aetna made and 


Aetna guaranteed—they are made to the reg- 
ular Aetna standard of “precision beyond spec- 
ifications.” 


AETNA 


2745 High Street 








NORMAL ~ 
STEEL 






\Note the even 
grain structure. 


Our Engineering Department stands ready 
at any time to consult with any manufac- 
turer in the design of special thrust ball 
bearings, or to quote on Aetna Bearings as 
standard equipment. Let us send you the 
latest Aetna Engineers’ Catalog with com- 
plete specifications. 


BALL BEARING MFG. COMPANY 


Chicago, Illinois 


AETNA 


THRUST BALL BEARINGS 
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a given viscosity, in which T is the temperature, z is the 
time of ripening and a and k are constants. 


Creep in Five Steels at Different Temperatures. By H. J. 


French, H. C. Cross and A. A. Peterson. Bureau of 
Standards Technologic Paper No. 362. Published by 
Bureau of Standards, City of Washington. 30 pp.; 25 
illustrations. [G-1] 


This report describes so-called creep tests in which the 
elongation of metal specimens under a fixed load is ob- 
served with relation to time. Tests were made on a low- 


| carbon structural steel, a high-chromium steel, a chromium- 


molybdenum structural steel, high-speed steel, and a high- 
chromium-high-nickel austenitic steel; and the results were 
correlated with short-time tension tests at corresponding 


| temperatures within the range 70 to 1350 deg. fahr. 


| different durations with different total elongations. 


So-called creep charts are given in which the relations 


| are shown between stress, temperature, elongation, and 


time for each of the steels. These charts enable the ap- 
proximate determination of the stress permitting life of 
The 
application of these charts is discussed in some detail. 

The high temperatures and pressures associated with re- 


| cent developments in powerplant equipment, oil-cracking 


processes, and the chemical industries have shown the need 
for such additional information on the behavior of metals 
at high temperatures. 


Annales de l’Office National des Combustibles Liquides. 
Published by the Ministére du Commerce at de |’Indus- 
trie, Paris, France. 158 pp. [G-3] 


This report of the National Department of Liquid Fuels 


| of France contains three items on detonation. The first 
recounts experiments made to determine the effect of knock 
suppressors on ignition temperatures. The conclusion 





reached is that the small quantities of anti-detonants 


| needed to raise the permissible compression ratio have no 
effect, although larger quantities than are customarily used 


do, in some cases, raise the ignition temperature. 
In the second item, the theory is advanced that anti-deto- 


| nants are effective because they prevent the formation of 


peroxides and, consequently, the creation of an explosion 
wave. From experiments recounted in the third item, the 
conclusion is drawn that the speed of the explosion wave is 
independent of the presence of anti-detonating substances. 

Other items contained in the report, which is one of six 
issued annually, are discussions of the low-temperature car- 
bonization of coal and the production of alcohol for fuel, 
statistics of liquid-fuel imports and exports, and official rec- 
ords of the department. 


Copper and Copper Alloys. By W. H. Bassett, Published 
in Mining and Metallurgy, April, 1928, p. 170. [G-3] 
An increase in its consumption from 70,000,000 lb. in 

1921 to 250,000,000 Ib. in 1926 is cogent proof of the interest 

of the automotive industry in copper and copper alloys. The 

rise results, not solely from the greater number of auto- 
mobiles manufactured, but also from the larger quantity 
of the metal used per vehicle. On an average, the smaller 


| and cheaper cars take 30, and the largest and more expen- 
| sive cars 700 lb. of copper apiece, according to the estimate 


made in this article. 

After mentioning the properties of copper as revealed in 
and affected by commercial production, the author turns to 
the alloys. He discusses particularly the copper-silicon 
alloys, specifically Everdur and one recently patented by 
Corson. These, he says, open a new field for copper in 


| engineering, since they are cheaply and effectively hard- 


ened. The functions performed by cadmium and nickel as 
alloying elements are outlined, and the chief users of cop- 


per and copper alloys, together with their requirements, 
are listed. 


(Continued on next left-hand page) 


he 


mh. 


) 
vy 
25 
1} 
he 
b- 


_ 
h- 


ng 


ns 
nd 
\p- 


he 


re- 
ng 
ed 
als 


es. 
us- 


els 
rst 
ek 
ion 
nts 


sed 


‘to- 

of 
ion 
the 
2 is 
ces. 
six 
‘ar- 
uel, 
rec- 


hed 
-3] 
. in 
rest 
The 
uto- 
tity 
wller 
pen- 
nate 


d in 
s to 
icon 
l by 
r in 
ard- 
1 as 
cop- 
ents, 





June, 1928 


S. A. E. JOURNAL 








““SAVAGE 





27 


COMPETITION....”’ 


.... The Wall Street Journal 





Hall-Winslow 
Patents 


Remove the nut, fit compressed 
air hose to the value—and the 
pressure rids the filtering me- 
dium of all impurities, which 
are blown out of the drain 


opening 


The well-informed financial daily prophesies that this 


“savage” competition in the automobile field is becoming 
intensified. 


The bus and truck fields—where the buying is done by 
experts—felt the savage competition some time ago. They 
couldn’t afford to slip up on a single detail. 


They installed the H-W Filtrator as standard equipment, 
after proving that it was the only perfected, permanent 
scientific solution of oil filtration problems. 


H-W Filtrator pioneered this “in-line” filtration, placing 
the non-disintegrating filtrator element between the oil 
pump and the bearings, affording initial and continuous 


protection to the finely finished surfaces of the crankshaft 
and bearings. 


Are you going into this “savage” battle to enthuse your 
prospects with “new standards of performance; new luxury 
of appointments; new ultra modish lines,’ only to finish 
with the same old warning “remember to change your oil 
every 500 miles”? 


Or are you to say as the truck and bus manufacturers say: 
“We offer you perfect filtration, save you 75% of your oil 
costs, and insure complete protection of bearings which 
were tested, at the cost of millions, to the thousandth part 
of an inch in our experimental laboratories”? 


If you are to make the latter claim, you must use the H-W 
Filtrator. There is no substitute. 


Sold by 
RICH TOOL COMPANY, DETROIT, MICHIGAN 





WATSON 
Automotive engineers will be Oiénit Keeps lubricant permanentl 


vitally interested in the Wat- SYSTEM free of abrasives, fuel, “sf 
son Oil Rite System, a new water, sludge. Applies oil copi- 
and better lubrication system which easily ously at the initial starting period. Reg- 
doubles engine life. ulates oil supply while running. Heats oil 

promptly on starting of engine. Keeps 
The essential features of the Watson Oil- oil cooled under top temperature con- 
Rite System are the following: ditions. 


Manufactured and Sold by 
SHEET STEEL PRODUCTS CO., DETROIT, MICH. 


CHWFILTRATOR 


Truck and Bus 
Operators 


You a now secure omy 

equip engines on t 

lowing: Hall-Scott, Hercules, 

Continental, Waukesha, Buda 
and Wisconsin 
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urn ot the Wrench 


Here’s a lock washer rightly named. 


It is shake proof in fact. Here’s why: 


Ten or more twisted teeth are set at 
equal intervals around the circumfer- 
ence of the washer. One turn of the 
wrench and those teeth bite into both 
nut and work, forming a positive lock. 
Many more turns and twists of vibra- 
tion and those twisted teeth bite deeper 
and deeper. Simple, isn’t it? 


This patented and genuinely shake 
proof lock washer is used upon large 
and ‘small work in hundreds of differ- 
ent lines—making better connections 
and cutting production costs because it 
is tangle proof. Write today for free 


samples. Just tell us kind and size of 
work. 


“NOT A TANGLE IN A TON” 


cD) Ut 


Type 12 Type 15 Type 11 
Internal Teeth Countersunk External Teeth 


SHAKEPROOF LOCK WASHER 
COMPANY INCORPORATED 


(Division of Illinois Tool Works) 
2507 North Keeler Avenue, Chicago, Illinois 
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Metal Statistics, 1928. Published by American Metal Mar- 
ket, New York City. 552 pp. [G-3] 


This handy little volume contains a large number of 
tables incorporating some general information but present- 
ing for the most part data on the production, consumption 
and prices of metals. The prices are wholesale and are 
based on the daily quotations appearing in American Metal 
Market. The American Iron and Steel Institute furnished 
the iron and steel production statistics, and the Bureau of 
Mines and the American Bureau of Metal Statistics those 
on other metals. 


Conditions not only in the current but also in previous 
years are shown in the tables. The materials for which 
information is given include iron and steel, in the raw, 
semi-finished and finished states; and fuels, aluminum, anti- 
mony, copper, brass, bronze, lead, nickel, platinum, silver, 
tin, and zinc. 


Methods of Dealing with Paraffin Troubles Encountered in 
Producing Crude Oil. By C. E. Reistle, Jr. Bureau of 
Mines Technical Paper No. 414. Published by Bureau 
of Mines, City of Washington. 39 pp.; 16 illustrations. 

(G-5] 

The temperature of the crude oil, which may be lowered 

by heat radiation or the lifting action of the gas; the loss 

of volatile constituents, and the presence of suspended inor- 

ganic material, are listed as the three main conditions affect- 
ing paraffin accumulation during crude-oil production. 


In seeking preventives for the formation of paraffin in 
production, the author analyzes the problem for each type 
of well. For flowing wells, decreasing the gas-to-oil ratio 
and the size of the oil string are recommended. Wells 
flowed by compressed air or gas should be operated with 
an oil string small enough to render possible continuous or 
virtually continuous production. The provision of gas an- 
chors and back pressure on the tubing are precautions sug- 
gested for pumping wells during the transition period. The 
author also discusses preventives of paraffin accumulation 
in the sand, flow-lines and tanks. 


When the accumulation of paraffin cannot be prevented, 
investigation must be made into methods for its removal. 
Descriptions are given of standard tools, electric hoists, 
pulling rods, and paraffin hooks, knives and augers. Sug- 
gestions are made as to the use of solvents, electric heat- 
ers, steam, and chemicals. 


Examples from practice illustrate the points made in this 
paper. 


Electric-Furnace Cast Iron. By C. E. Williams and C. E. 
Sims. Bureau of Mines Technical Paper 418. Published 
by Bureau of Mines, City of Washington. 48 pp.; 10 
illustrations. [G-5] 


This paper represents work conducted at the Northwest 
Experiment Station of the Bureau of Mines, at Seattle, 
Wash., in cooperation with the College of Mines, University 
of Washington. The work was started in the laboratory in 
1920 and was completed in 1925, after a year’s successful 
operation of a jobbing foundry in Vancouver making mis- 
cellaneous gray-iron casting from steel scrap. 


The conclusions arrived at are that electric-furnace cast 
iron is stronger, tougher, and more dense than cupola iron, 
and a higher recovery of metal in casting can be obtained as 
a result of the higher pouring temperature. Cast-iron scrap 
of high-sulphur content can be converted into high-grade 
cast iron, low in sulphur, either by melting directly in the 
electric furnace or by refining molten metal from the cupola. 
Large additions of steel scrap may be used if desired, or 


steel scrap can be used entirely and synthetic cast iron 
made. 


(Continued on next left-hand page) 
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—modern improvements introduced 
in Original-Bosch Super-Energy 
Magneto, meet every modern need. 


ERE at last—in the Original-Bosch Super- 
Energy Magneto is a magneto designed 
for 1928 performance. Do you require: 


—a wide range of operating speeds? The 
Original-Bosch Super-Energy Magneto gives 
absolute dependability at the highest speeds. 
It throttles down to low speeds without shift- 
ing gears, yet picks up again smoothly. 


—super-energy ? This magneto introduces a 
new principle—the principle of Super-Energy. 
Notice the increase in engine power, the new 
agility on hills, the added F Meogrmes se in per- 


formance regardless of loads or roads 


—easy starting? The slow speed performance 
makes it easy to start with this magneto 
at hand crank speeds in below zero weather. 


—freedom from attention and _ repairs? Its 
waterproof and dustproof construction, a spe- 
cial aluminum alloy frame instead of a Bie 
casting, a high speed interrupter,—these are 
a few reasons why this magneto protects 
automotive engines from ignition failures and 
costly breakdowns. Why, you don’t even have 
to oil this magneto 


If you want 1928 magneto efficiency, write 
for full information about the Origina “Bosch 
Super-Energy Magneto. 


The full name Robert Bosch and the Robert Bosch trademark appear 
on all Original-Bosch products—your guaranty of Original-Bosch 
quality as wn the world over since 1887. 





ROBERT BOSCH MAGNETO CO., Inc. 
3605-F Queens Boulevard, Long Island City, N.Y. 
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‘Standard 


Radiator and Engine} 


Equipment 
auipmen 





Hundreds of thousands of 
instruments in actual service 
testify to the efficiency and ser- 
viceability of these units. 


An experienced and complete 
engineering department is at 
your service ready to discuss 
with you design and production 
of thermostatic control for water 
cooling systems. 


The Bishop & Babcock Sales Co. 


General Offices: 4901-4915 Hamilton Ave., N. E. 
CLEVELAND, OHIO 
Branch Offices in Principal Cities 
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Some of the advantages of the production of synthetic 
cast iron are that plants can be kept in operation during 
periods of idleness; that the composition of the product can 
be controlled, and that scrap is utilized. Estimated costs 
per ton for produced metal in the ladle are: gray iron from 
steel scrap, acid, $26.65, basic, $26.40; from iron scrap, acid, 
$25.95, basic, $26.70; white iron from steel scrap, acid, 
$22.05, basic, $22.65. 


MISCELLANEOUS 


Matter, Electricity, Energy. By Walter Gerlach; trans- 
lated by Francis J. Fuchs. Published by D. Van Nos- 
trand Co., Inc., New York City. 427 pp.; 119 illustra- 
tions. (H-1] 


The extremely friendly reception accorded to the German 
editions of this book, indicating its appeal alike to chem- 
ist, practical physicist, technologist and engineer, prompted 
the translator to make the volume available to all English- 
speaking persons who are interested in the application of 
physical concepts to scientific endeavor but are unable to 
peruse the book in the original. 


The author, in a clear survey of recent developments, has 
presented the principles of modern atomistics and experi- 
mental results of atomic investigation in a way to serve, 
not so much the trained physicist, as the scientifically 
inclined philosopher interested in a better knowledge of nat- 
ural science. Therefore, a comprehensive discussion of the 
individual phases of the subject matter has not been 
attempted but, rather, the essentials of several topics of 
paramount importance have been presented. The treat- 
ment covers somewhat inspirationally the significant phases 
of those subjects that are particularly susceptible of addi- 
tional development and which are expected to stimulate 
further research on the part of the reader while giving him 
a clearer understanding of general atomistics. This result 
is acceptably attained through a series of closely related 


and interdependent treatises, each constituting a complete 
unit within itself. 


The author, for the most part, presupposes no special 
technical knowledge on the part of the reader, and in the 
translation the text has been stripped of highly technical 
terms insofar as is advisable in the treatment of such an 
involved subject. Mathematical formulation has been dis- 
pensed with almost entirely. 


Probability and Its Engineering Uses. By Thornton C. 
Fry. Published by D. Van Nostrand Co., Inc., New 
York City. 423 pp.; 49 illustrations. (H-1] 


The author faces squarely the logical difficulties with 
which the foundations of the theory of probability are 
fraught, and the clear-cut, straightforward discussion of 
these difficulties will be welcomed by readers who like their 
thinking “straight.” 


A clear exposition of the fundamental concepts of the 
probability theory is not easy; in books on this subject 
clarity frequently is sacrificed for rigor, or rigor for clar- 
ity. Dr. Fry has been very successful in achieving both 
clarity and rigor compatible with the scope of the book. 

The author assumes that, except for some knowledge of 
calculus, the reader has forgotten his mathematics—a wise 
assumption—and builds the mathematical theory from the 
ground. Starting with the two “laws of composition,” the 
formulas for permutations and combinations are derived 
and illustrated with examples. Gamma functions, the binom- 


ial theory, and the illuminating problem of the cylinder lock, 
are discussed. 


Chapter III deals with probabilities proper, and includes 


a number of practical examples. In Chapter IV much atten- 


tion is given to Bernoulli’s theorem, which is the link be- 


| tween a priori or theoretical probability, on the one hand, 


(Concluded on next left-hand page) 
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TEXTOLITE 





When Textolite replace- 
ment gears are desired, com- 
plete details and the name 
of the nearest distributor 
can be obtained from: 


John C. Hoof & Company 


162 North Franklin St., Chicago, Ill. 


Every timing gear on which Textolite appears 
is, in material, design, manufacture, and test, 
as nearly perfect as non-metallic gears can be 
made. There has never been nor can there 
ever be any compromise on the quality of 
Textolite. 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, 





SCHENECTADY, N. Y.; SALES OFFICES IN PRINCIPAL CITIES 


















































Removing alloy steel bars from annealing furnace in Bethlehem 
Alloy Steel Plant, Bethlehem, Pa. 


Sinews of Motor 


Transportation 
(CU tte ate a. il in the growth of 


the automotive industry has been the 

development of alloy steels to supply 
the strength and toughness so necessary in 
the vital parts of motor vehicles. As the 
requirements of the industry became more 
and more exacting new alloy steels were 
produced to meet them. As metallurgical 
research pointed out ways of making better 
steel, automotive engineers quickly made 
use of the improved product. 


The continuous research, experiment, and 
testing carried on by Bethlehem is a guar- 
antee that in the future, as in the past—and 
present — automotive manufacturers can 
look to Bethlehem as a source of supply 
for exceptionally satisfactory alloy steels. 


Bethlehem metallurgists will gladly give 
you the benefit of their experience. 


BETHLEHEM STEEL COMPANY 
General Offices: Bethlehem, Pa. 


DISTRICT OFFICES: 
New York Boston Philadelphia Baltimore Washington Atlanta Pittsburgh 
Buffalo Cleveland Detroit Cincinnati Chicago St. Louis San Francisco 
Los Angeles Seattle Portland 


Bethlehem Steel Export Corporation, 25 Broadway, New York City, 
Sole Exporter of Our Commercial Products 


BETHLEHEM 
ALLOY STEELS 
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and practical or experimental probability, on the other hand. 
A clear derivation of Sterling’s theorem is given. Chapter 
V considers several interesting problems and paradoxes and 
Bayes’ theorem. Chapter VI introduces continuous vari- 
ables into probability considerations, and includes a dis- 
cussion of Maxwell’s equation. Chapters VII and VIII deal 
with the usual questions: averages, expectations, and dis- 
tribution functions, including the “normal” law. The rest 
of the book is devoted, in addition to subject matter con- 
ventional in works of this kind, to numerous practical 
applications and examples, which are particularly interest- 
ing from the point of view of the engineer. 


The Strength of Flat Plates. By Tandy A. Bryson. The 
Strength of Flat Plates. By Thomas Cheeger. The 
Stresses in Flat Plates. By Harvard H. Gorrie. Rensse- 
laer Polytechnic Institute Engineering and Science Series 
No. 18. Published by Rensselaer Polytechnic Institute, 
Troy, N. Y. 60 pp.; 30 illustrations. [H-5] 


Experimental observations on the important but obscure 
problem of stresses in flat plates constitute the material of 
the principal item, presented by H. H. Gorrie. The inves- 
tigation was the basis for thesis work and was planned to 
determine (a) the variation in the intensity of strains in 
flat steel plates subjected to uniform load; (b) the actual 
principal axes of strain for various points on the plate; 
and (c) the strain along these axes. 

Two plates were tested under loads imposed by hydro- 
static pressure. Measurements were made on only one- 
quarter of each plate, as one-quarter was assumed to be 
representative of the entire surface. 

The first two papers in the pamphlet are given in ab- 
stract. That by Tandy A. Bryson developed an equation 
for designing flat plates; and the work of Thomas Cheeger 
virtually duplicated Mr. Bryson’s work and resulted in 
substantially the same final equation. 


TRACTOR 


Dynamometer Testing of Ordnance Vehicles at Aberdeen 
Prooving Ground. By Major A. B. Quinton, Jr., and Capt. 
John K. Christmas. Ordnance Technical Note No. 9. 
Published by Engineer Production Plant, City of Wash- 
ington. 144 pp.; 214 illustrations. [M-1] 


Dynamometer tests at the Aberdeen Proving Ground are 


| made in the field and in the laboratory. Field tests are 


made with the recording traction-dynamometer to determine 


| the tractive resistances of trailed loads, the tractive resis- 
| tances of prime movers, and the drawbar horsepower of 


prime movers. The efficiency of the transmission can be 
evaluated in the dynamometer laboratory; hence the track 
losses and the “track to ground loss” can be determined. 
The dynamometer laboratory is used for tests of internal- 
combustion engines and of vehicle transmissions under vari- 
ous conditions. 


An investigation is now being made of the best methods 
of measuring the power input at the clutch simultaneously 
with the drawbar horsepower determination. With both 
the power input and output measured, the losses may be 


| determined under actual operating conditions, and the effi- 


ciency of the transmission and tracks calculated. 
This technical note gives an account of the development 


of the test equipment and of the present procedure. It 
| contains also a large number of interesting data on the 


vehicles and parts tested. 


The publication here referred to is not available for 
general circulation, nor is the office of the Chief of Ord- 
nance in a position to answer inquiries on it. However, 
the Research Department of the Society will be glad to 
lend to members the copy in its possession or to furnish 
extracts from it. 
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In 1904... 


BACK IN THE DAYS OF THE SIDE-WINDER AUTOMOBILE, (1904, TO BE EXACT), CERTAIN 
INTREPID GENTLEMEN DECIDED THAT THE CAR SHOULD BE DIVORCED FROM THE 
BARN AND LIVERY STABLE. RESULT—THE HOME GARAGE, FORERUNNER OF AN EPIDEMIC 
OF CORRUGATED-IRON MONSTROSITIES WHICH, AS TIME WENT ON, WERE GRADUALLY 
IMPROVED UNTIL TODAY THE FAMILY BUS IS STABLED RIGHT IN THE HOUSE ITSELF, 


E home garage created the backyard “gasoline 
alley” —and “ gasoline alley” has kind words to say 


for Budd-Michelin All-Steel Wheels. 


For the good citizens of “gasoline alley” know that 
Budd-Michelin Wheels bring a greater margin of safety. 
In skid or crash these wheels of cold-rolled steel with- 
stand terrific blows. No matter what happens, they can’t 
shatter and overturn the car, for steel is shatter-proof. 


If a Budd-Michelin Wheel bends, the blow that did it 
would wreck a wooden wheel. And a bent Budd-Michelin 
is a small matter. There is the extra wheel to continue 


the trip and the bent wheel can be straightened out for 
about $3. Compare that with a towing charge, delay and 
price of replacing a wrecked wooden wheel! 


Budd-Michelins’ graceful, curving discs are slow to 
collect dirt. Like any smooth, even surface, they are easy 
to wipe or wash. They’re smart wheels, too; particularly 
for the fleet line of today’s cars. Because there are five 
almost instantly demountable wheels to the set, Budd- 
Michelins take a lot of the profanity out of tire troubles. 


And all of these are good sales points for the men who 
are offering Budd-Michelin equipped cars. 





Also makers of the Budd Interchangeable Wire Wheel and Budd Dual Wheel 
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Microscopic view showing grain flow 
in the cold heading operation. 


Union Cold 
Heading Wire 


HIS organization has made 
a careful study of the micro- 
scopic structures required 
for producing the best results in the 
various types of cold heading work. 
Our extensive annealing and cold 
drawing facilities enable us to supply 
steels of superior quality for the most 


difficult cold heading operations. 
Union Cold Heading Wire is 


uniformly free from seams, laps, pipes 
or other defects. It will not crack 
under the hard blows of heading 
machines nor will formed heads come 
off under severe service conditions. 


UNION DRAWN STEEL Co. 
Beaver Falls, Pa. 
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employed by the Rogers-Haines Machine Co. and the St. 
Louis Car Co., in St. Louis, and the Westinghouse Co., in 
New York City. Prompted by a desire to study the engi- 
neering field abroad, he sailed for France in 1906 to as- 
sume the duties of designing engineer with the Societé 
Anonyme Westinghouse, of Le Havre and Paris. Four years 
later, he transferred his activities to Hungary, where he 
represented the Hungarian Westinghouse Co., only to re- 
turn to America in 1912 to become chief engineer of the 
International Motor Co. He subsequently became affiliated 
with the Tidewater Oil Co. There followed several years’ 
experience in oil-refinery technology and advertising, after 
which Mr. Stratford beeame president of the Dixie Chemi 
cal Corporation, Petersburg, Va. He resigned this posi- 
tion in 1919 to become petroleum technologist for the As- 
sociated Oil Co., located in San Francisco, an affiliation 
which was to last until the recent formation of his own 
company. 

Ever since joining the Society in 1916, Mr. Stratford 
has evinced an active interest in Society affairs. He served 
on the Membership Committee in 1923 and on the Stand- 
ards Committee, Lubricants Division, for 2 successive 
years. He is the author of several articles on lubrication 
that have appeared in THE JOURNAL and the TRANSAC- 
TIONS at various times during the years 1915, 1918 and 
1921. These include Standardized Specifications for Lu- 
bricating Oils, published in the February, 1918, issue of 
THE JOURNAL and the 1918 TRANSACTIONS. Mr. Stratford 
has been an active member of the Northern California Sec- 
tion ever since it was organized in 1925. 


Swift C. Barnes, who was formerly Eastern manager of 
the Irving Cloud Publishing Co., Chicago, is now associated 
with the Mutual Benefit Life Insurance Co., New York City. 

George C. Bauer recently accepted a position with the 
Fairchild Caminez Engine Co., of Farmingdale, N. Y. For- 
merly he was a draftsman for the Curtiss Aeroplane & 
Motor Co., Inc., Garden City, N. Y. 

Frank J. Brackett, who until lately was manager of the 
Transportation Survey Department of the Yellow Truck & 
Coach Mfg. Co., Chicago, is now employed by the General 
Motors Truck Co., Pontiac, Mich., in a similar capacity. 

Kenneth L. Childs has resigned as vice-president and 
general manager of Selden Truck Corporation, Rochester, 
N. Y., to form a connection with Darby, Inc., of Boston. 

Cedric B. Dicksee, formerly identified with Specialloid, 
Ltd., of London, England, in the capacity of research engi- 
neer, has joined the forces of the Associated Daimler Co., 
Ltd., of Southall, Middlesex, as designer. 

R. C. Dugan now holds the position of supervisor of ser- 
vice in the Milwaukee district for the Oakland Motor Car 
Co. Previously he was service manager for the Chrysler 
Corporation of Canada, Ltd., at Windsor, Ontario. 

J. B. Franks, Jr., has been appointed a member of the 
sales personnel of The White Co., at Philadelphia. 


Charles Froesch, now project engineer of the Atlantic 
Aircraft Corporation, at Teterboro Airport, Hasbrouck 
Heights, N. J., was previously on the engineering staff of 
the International Motor Co., Long Island City, N. Y. 

John P. Gaty, formerly associated with the Premier Lab- 
oratory Co., Inc., New York City, as mechanical engineer, 
has established a similar connection with the Acoustic 
Products Co., also of New York City. 

Paul H. Geyser has resigned as director of sales for the 
Yellow Truck & Coach Mfg. Co., Chicago, to assume similar 
duties with the taxicab division of the General Motors 
Truck Co. located in Pontiac, Mich. 


Ross D. Grover has accepted a position as draftsman in 
the commercial car division of the Reo Motor Car Co., 


Lansing, Mich. He previously held a like position with the 
Republic Motor Truck Co., Alma, Mich. 


(Continued on next left-hand page) 
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THE PUBLIC 
“BODY-WISE.” 
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Today’s automobile models have reached that degree 
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>) posed to accept the manufacturer’s valuation of per- 
=, formance standards. ‘That is a distinct achievement. K 
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But the body is something else again. Never before 
did sales depend so much on distinctive bodies—and 
never was the public so ‘‘body-wise.” 


~ 





Hayes master craftsmen have at their command the 
resources, the facilities, the equipment and the ex- 
perience to assist in conceiving and producing bodies 
worthy of any chassis—bodies that will carry a defi- 
nite appeal to the prospect. 
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These men are available ror conference at any time. 
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Body Corporation 


GRAND RAPIDS & > MICHIGAN 
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ISPEED UP 


bearing assembly 
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nothin 
between 


— permit 
wider 
tolerances, 

faster work, and fewer rejects 


Improvement implies change. Greater efficiency 
oe | increased economy are accomplished only 
thru the introduction of new and improved means 
and methods. Significant, indeed, therefore, when 
leaders like G M C, Twin City, Caterpillar, Dodge, 
Continental, Wisconsin, Waukesha, and others 
change to a new type of shim. NATIONALS are 
a double-action shim, and serve a double purpose— 
they prolong the bearing life of the motor, and 
poms bearing assembly and service adjust- 
ments. They are made entirely of hard brass. 
They do not compress under bolt pressure. Their 
thickness is constant. Leaves don’t stick or curl, 
simply thumb ’em—take off or put back layers 
at will, no waste. Submit blueprints for prices. 


Designs and suggestions by our Engineers upon 





request. 
1. Unit (laminated type) shims 2. Babbit-faced shims 
3. Steel shims 4. Steel bronze-faced shims 5. Steel liners 


6. Copper liners 7. Brass liners 


NATIONAL MOTOR BEARING CO., Inc., Mfrs. 


DETROIT . . . 222 West Larned Street 
CHICAGO . . 30 West Walton Place 
SAN FRANCISCO, 460-470 Natoma Street 
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Paul F. Hackethal is now associated with W. M. S. Jack- 
son in consulting engineering work in Detroit. Prior to 
establishing this connection he was chief engineer of the 
Duroseal Corporation in Cleveland. 


Elbert J. Hall has severed his connection with the Ameri- 
can Car & Foundry Motors Co., Detroit, where he was vice- 
president in charge of engineering and production, to be- 
come vice-president and general manager of the Hall Scott 
Motor Car Co., Berkeley, Cal. 


Sidney G. Harris, formerly sales engineer of the Moto- 
Meter Co., Long Island City, N. Y., has become affiliated 
with the McGraw Hill Publishing Co. in New York City. 
He will be on the staff of Bus Transportation and the 
Electric Railway Journal. 


H. Jay Hayes has resigned as president of the Hayes- 
Hunt Corporation, Elizabeth, N. J., to accept a similar posi- 
tion with the Victor Body Corporation, a new company re- 
cently formed in Lansing, Mich. 

Edwin E. Hedene has left the employ of Doble Steam Mo- 
tors, Inc., ‘San Francisco, to become assistant engineer in 
the Merco-Nordstrom Valve Co., Oakland, Cal. 

J. A. Heinemann, until recently sales manager of the 
Stafford Sales Co., Chicago, is now connected with the 
Electric Furniture Corporation of the same city in the 
capacity of sales engineer. 


G. C. Hollandsworth has become factory representative in 
the Brooklyn and New York territory for the Maccar 
Truck Co., of Scranton, Pa. His previous connection was 
with the General Motors Truck Co., New York City. 


A. L. Hopkins, formerly with the Prest-O-Lite Storage 
Battery Corporation, Indianapolis, is now battery engineer 
for the Delco-Remy Corporation, Muncie, Ind. 

J. Harold Hunt has resigned as chief engineer of the 
Budd Wheel Corporation, Detroit, to accept a like position 
with the Motor Wheel Corporation, Lansing, Mich. Mr. 
Hunt will be connected with the steel and wire division of 
the corporation. 


F. L. Jacobus, formerly service manager of the White 
Motor Co., Newark, N. J., is now maintenance supervisor 
in the Brooklyn Edison Co., Brooklyn, N. Y. 

Harry V.. Johansen, until lately sales and experimental 
engineer in the Detroit office of Brandenburg Bros., has 


_ become associated with the Jones Clutch & Gear, Inc., 


Upper Sandusky, Ohio. 
representative in Detroit. 


Charles F. Klinkicht, previously chief electrician of the 
Jost Storage Battery Co., of Jamaica, Long Island, is now 
superintendent of gas car maintenance for the Brooklyn 
Edison Co., Brooklyn, N. Y. 


G. C. R. Kuiper has been made assistant chief engineer 
of the wheel division of the Edward G. Budd Mfg. Co., in 
Detroit. He was formerly assistant engineer in charge of 
design for the Jordan Motor Car Co., of Cleveland. 

J. B. Mason has been promoted to the position of super- 
intendent of the motor-transport division of the Pure Oil 
Co., Mexia, Tex., having previously been assistant superin- 
tendent of that division. 

George L. Michael is now owner and manager of Mike’s 
Cadillac Service, Springfield, Il. He formerly owned and 
operated the South Side Garage, located in the same city. 


John W. Mills, who until recently was general manager 
of Fejes Patents Syndicate, Ltd., London, has become asso- 
ciated with the Ascot Motor & Mfg. Co., Ltd., Letchworth, 
Hertfordshire, England. 


C. O. Miniger, president of the Electric Auto-Lite Co., 
Toledo, and the U. S. L. Battery Corporation, Niagara 
Falls, N. Y., was recently elected director of the Monroe 
Auto Equipment Co., located at Monroe, Mich. 


He will act as sales and service 


(Concluded on next left-hand page) 
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New Colors 


















DITZLER 


COLOR 





(PYROXYLIN} 


\ that Accentuate New Body Lines — 


Motor car lines are changing continu- 
ally. Bodies are lower; hoods are 
narrower; radiators are deeper; two- 
tone effects are present in greater 
variety. 


New body tendencies necessitate new 
methods of color handling. Let Ditz- 
ler color authorities work with you 
in creating those colors which best 
accentuate those smart, new body 
lines. Nowthat DitzlerComposé Color 
Panels are available, color selection 
is made remarkably easy. 


Write or telephone for further 
information today 





COMPANY, DETROIT, MICHIGAN 





LONG PRODUCTS 


AUTOMOTIVE 
RADIATORS 
AND CLUTCHES 
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Showing the steel arm 
that applies the Houd- 
aille Hydraulic control 
in both directions—up 


and down. 


Car Dealer can be a HOU DAILLE Dealer 


HERE is more than one profit 
in selling Houdailles. There is 


a profit on the set of instruments of 


course, but it doesn’t take long to 
get it noised around town that the 
cars you sell are the smoothest rid- 
ing cars that roll on wheels, when 
you sell Houdailles. 


And when it comes to selling a used 
car, shrewd buyers know that one 
of the best recommendations it can 
have is Houdaille equipment. It is 
a sign that the car was owned by a 
man who cared and that the chassis 
has been eased, instead of ham- 
mered over the road. 


You can only compare a Houdaille 


Please send me the facts on Houdaille Sales and 
how I can become a Houdaille Dealer. 


with a Houdaille. They are hydrau- 
lic and double acting. They soften 
the bumps that ordinarily make 
springs strike bottom with that 
sickening crash. They prevent the 
recoil that tosses the’ passengers 
against the roof. They make the 
cars you sell ride easier, go’ faster 
and last longer. 


And here’s something that you may 
not have realized. While Houd- 
ailles are one of the highest priced 
(and most profitable) shock absorb- 
ers in the world, they are not the 
most expensive. If a car owner says 
he can’t afford them—remind him 
that they are a permanent invest- 
ment in riding comfort. They have 


definite trade-in values at the end 
of one, two and three years. 


They not only make your cars last 
longer but they last long them- 
selves. There are no springs, straps 
or cables to break. They operate in 
fluid under pressiiré. 


They are made for all nifaikes and 
models of light, medium anid heavy 
cars. You do not have to’ carry a 
stock nor invest any money in 
them. The Houdaille Distributor 
will gladly explain the exclusive 
patented features of the World’s 
Finest Shock Absorber, or write 
direct to the factory. The coupon 
is for your convenience—mail it 


today. 


HOUDE ENGINEERING CORPORATION, Dept. SAE-6 
537 EAST DELAVAN AVENUE, BUFFALO, N. Y. 
IN CANADA : 222 SIMCOE ST., TORONTO, ONT. 








THE results achieved 
with “Norma” Preci- 
sion Ball Bearings, 
with “Hoffmann” Pre- 
cision Roller Bearings, 
or with the twoin com- 
bination, have never 
yet failed to justify the 
judgment of the engi- 
neers and designers 


who specified them. 


NORMA- HOFFMANN 
BEARINGS CORPN. 


Stamford, Conn. 
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J. G. Monjar, sales engineer of the Hyatt Roller Bearing 
Co., Detroit, for 12 years, has accepted the position of sales 
manager for the Detroit Gear & Machine Co. 


M. Mukerjee has left the service of Dodge Brothers, Inc., 
Detroit, where he was employed as designer, to study me- 
chanical engineering in the University of Michigan. 

F. J. Niedermiller has been made district sales manager 
of Gears & Forgings, Inc., Cleveland, successor to the Wil- 
liam Ganschow Co., Chicago, of which he was sales engineer, 

Herbert N. Nigg has resigned as president of the Re- 
public Gear Co., Detroit, to establish a similar connection 
with the Piston Service Co., Inc., located in the same city. 

I. Patrick has become affiliated with the Rockford Iron 
Works, Rockford, II. He was formerly assistant chief 
engineer of the E. W. Bliss Co., Brooklyn, N. Y. 


Braxton Rhodes, formerly engineer officer at the Naval 
Air Station, Pensacola, Fla., has been appointed assistant 
assembly and repair officer on the U. S. S. Lexington. 

Arthur R. Schmidt has accepted a position as checker of 
drawings for the W. A. Jones Foundry & Machine Co., Chi- 
eago. His prior connection was as draftsman with the 
William Ganschow Co., of the same city. 

Otto R. Schoenrock recently organized the O. R. S. Engi- 
neering Co. in Chicago to engage in tractor and motor- 
truck engineering. He holds the title of chief engineer of 
this company. Previously Mr. Schoenrock was chief engi- 
neer in the gas-power engineering department of the Inter- 
national Harvester Co., also of Chicago. 

Carl F. Scott, formerly manager of building-equipment 
sales for the General Electric Co., Schenectady, N. Y., has 
entered the service of the Gurney Elevator Co., New York 
City, as assistant sales manager. 


M. H. Supy, who was previously district service manager 
of the Atlanta, Ga., branch of the Studebaker Corporation 
of America, has been transferred to Philadelphia. 


J. J. Tobias, equipment sales manager of the Moto-Meter 
Company for the last 12 years, with offices at Detroit, 
has been elected vice-president of the company. 

Ralph Upson, until recently chief engineer of the Air- 
craft Development Corporation, Detroit, is now employed 
as consulting engineer by the same company. 

Th. M. van der Stempel has been appointed European 
commercial-car representative for the Studebaker Corpo- 
ration of America, South Bend, Ind., his headquarters to 
be in Brussels. 


Ernest K. von Brand has started on an expedition to Asia 
Minor for the purpose of making excavations for prehis- 
toric research under the direction of the Oriental Institute 
of the University of Chicago. He will be engineer for the 
maintenance of cars and machinery. Prior to this under- 
taking Mr. von Brand was experimental engineer for the 
Fedders Mfg. Co., of Buffalo. 


E. H. Webster recently resigned as vice-president of the 
Southern Fire Apparatus Co., Dallas, Tex., to become as- 
sistant department manager of the fire apparatus division 
of the W. S. Nott Co., of Minneapolis. 

D. F. Wheeler, who until lately was president of the 
Wheeler-Schebler Carburetor Co., Indianapolis, is now as- 
sociated with the Langsenkamp-Wheeler Brass Works, 
Indianapolis. 


Walter F. Whiteman has resigned his position as research 
laboratory assistant for the Studebaker Corporation of 
America, South Bend, Ind., to join the engineering staff of 
the Monroe Auto Equipment Co., Monroe, Mich. 

John Le Roy Williford, who has been studying mechan- 
ical engineering in the University of Illinois, will become 
manager of the Williford Out Door Advertising Co., Mount 
Carmel, Ill., on June 15. 
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Laman makes of amy of the 
American cars 


finest cars capitalize public 
rh coe 


UBS. ROYAL CORDS 


No better tires made today 











United States Rubber Company 
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“If you want it to sell better, 
Mr. Wilson, make it look better”’ 


LF heswe your product /Jook better and you will make 
it sel] better. For it’s the eye that buys... every 
time. Looks... details... fineness of finish . . . these 
are things that close sales. They have come to mean 
more than small differences in price. 


Perhaps it is a Dahlstrom Moulding that will 
give that telling touch of clean cut good looks to 
your product. And standing behind the good looks 
of Dahlstrom Mouldings is the sterling Dahlstrom 
quality that makes them enduring. 


DAHLSTROM METALLIC Door Co. 


INCORPORATED 1904 
JaMeEstown, New Yorx« 


NEW YORK, 475 FIFTH AVI CHICAGO, 19 SO, LASALLE sT. 
PHILADELPHIA, 514 BULLETIN BLDG. CLEVELAND, 684 THE ARCADE 


> 


DETROIT, 2-228 GENERAL MOTORS BLDG. 


Representatives in principal cities 
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Automobile Mouldings : 
Garnish Mouldings 
Windshield Tubing 
Instrument Panels 
Glass Channels 
Floor Moulding 
Finishing Moulding 


Architectural Shapes 


Mouldings and Shapes 
for: 





Auto Trucks 
Safes, etc., etc. 


Metal Doors and Trim 


Elevator Inclosures 
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FIES WEATHER. 


4 »' 
eS stars 8 
i. THE ARCO PYROXYLIN 


LACQUER SYSTE™M 


In Arcozon, we have de- finish should endure in spite of rain and snow, beat- department to give you | 
velopeda finish that retains ing sunshine and chuuide of gritty dust. When Arco- complete information... 
its bright, velvety lustre in zon was definitely proved to meet thesedemands... and conduct aiiy tests Pg 
spite of the most severe only then were we satisfied to placeit on the market may specify. 
and extreme weather and as a perfected pyroxylin lacquer finishing system, With all the facts at hand 
temperature conditions. In addition, we developed in Arcozon a number of you will undérstand why 

When we were formulat- advantages of application that will interest manu- more and more manufac- 
ing this lacquer, we kept facturers of quality products... advantages that turers are adopting Arco- 
in mind that the most assure very definite production economies. zon as a standard finish- 
satisfactory automobile We will be glad to send a man from our technical ing method. (167) 


THE ARCO COMPANY + CLEVELAND, OHIO + In Canada « THE ARCO CO., LTD., TORONTO, ONT. 
PAINTS VARNISHES ENAMELS LACQUERS 
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— SILENT STRENGTH 
in these Spring Shackles of Steel 


TRENGTH to withstand the strain of continued 
spring action — stamina to resist the ravages of 
time and weather are combined in the frictionless all 


steel Fafnir Ball Bearing Spring Shackle. 


Banished, forever, are the nerve-racking shackle 
squeaks and rattles; gone for good is the need of 
greasing and shackle adjustments when Fafnir Ball 
Bearing Spring Shackles are on a car. 


Spring action is free and uniform, hence shock ab- 
sorbers work better and the maximum of riding com- 
fort is provided. They make a good car better and 
easier to sell. 


Shackle Division 
FAFNIR BEARING CO., New Britain. Conn. 


Detroit: 120 Madison Avenue 
European Agent: Benjamin Whittaker, Ltd. Aldwych House, London, W. C. 2, England 


NO GREASING ~~ » NO RATTLES 
NO SQUEAKS | NO ADJUSTMENTS 





FAFNIR BALL BEARING SPRING SHACKLES 
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IVES are staked every day upon the depend- 
ability of airplane parts. If the engine fails, 
the pilot’s fate is uncertain. To make travel in the 
air as safe as that on the road, leading airplane 
manufacturers are using dependable Agathon Alloy 
Steels. These super steels are as necessary in air- 
plane engines as they are for automobile engines. 
Their light weight and unusual strength have led 
leading motor car manufacturers to use them for 
those automotive parts subject to excessive wear, 
stress, strain or shock. 


Have you a copy of our latest Agathon Alloy 
Steel Handbook? 


Central Alloy Steel Corporation, Massillon, Ohio 
Mills: Canton and Massillon, Ohio 
World’s Largest and Most Highly Specialized Alloy Steel Producers 
Makers of Toncan Copper Mo-lyb-den-um Iron te % sate 


New York Seattle 
Los Angeles Tulsa 


Cleveland 
Syracuse Detroit 
San Francisco Philadelphia 


Chicago 
Cincinnati 





Vital parts of the Martin 
Bomber and Scout Piane are 
made of Agathon Alloy Steels. 
Built by Glenn L. Martin Com- 
pany forthe U.S. Navy. 


We have daily production in 
our two completely equipped 
plants at Massillon and Can- 
ton in all kinds of Agathon 
Alloy Steels, such as: 


Nickel, Chrome-Nickel, UMA. 
Molybdenum, Chrome-Molyb- 
denum, Nickel-Molybdenum. 
Vanadium, Chrome-Vana- 
dium, Chromium, etc. 


Deliveries in Blooms, Billets 
Slabs, Hot Rolled, Heat 
Treated, and Cold Drawn 
Bars, Hot Rolled Strips, etc 


AGATHON 


ALLOY STSTECtS 
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then DRIVE 


The Perfect Window Regulator Co. use 


Parker-Kalon Hardened Metallic Drive 

Screws for assembling a robe rail which 

they supply to many leading automobile 
manufacturers. 


and 1t’s assembled! 


UST two simple, inexpensive 

operations—and the rod and 
ends of this robe rail are securely 
assembled with Parker-Kalon Hard- 
ened Metallic Drive Screws. This is 
but one example of scores of assem- 
blies requiring permanent fasten- 
ings to iron, brass and aluminum 
castings, steel, Bakelite, etc., where 
the use of these remarkable Screws 
has greatly reduced costs and 
speeded up production. 


Hardened Metallic Drive Screws 
are so threaded and hardened that 
they cut their own thread in the 
material as they are hammered in. 
They eliminate the costly tapping 


Hardened Metallic 


REG. U.S.PAT. OFF, 


Drive Screws 


PATENTED JAN, 29, 1924 - No. 148215! 
OTHERS PENDING 


operation and make better — 
stronger—fastenings than machine 
screws, escutcheon pins, etc. Once 
in, they stay in. Even constant vi- 
bration will not loosen them. 

What can better prove their time 
and labor-saving advantages than 
the fact that more than 18,000 
manufacturers, in every branch of 
the metal-working industry, are 
using them. 

Fill in and mail the i below 
for samples and full information. 
Merely tell us what your assemblies 
consist of and we will send you 
sufficient samples for test. No 
charge—no obligation. 


Parker-Kalon Corporation 
198-200 Varick St., New York 


Please send me a handful of Hardened Metallic 
Drive Screws. I want to trv them out for 


Name... 


{ddress 





PARKER-KALON CORP., 198-200 Varick St., NewYork, N.Y. Distributed in Canada by Aikenhead H'’dwre. Ltd., 17-21 Temperance St., Toronte 
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Model 76 Sedan 


1928 AUBURN 





Model 88 Sport Sedan 


Model 115 Phaeton Sedan 


Models 
BIJUR 


Chassis Lubrica 








. 


tion 


Lubrication 





BIJUR LUBRICATING CORPORATION, NEW YORK 
of Modern Chassis 


tors 


igina 


Or 
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Through Years of Stress and Strain 


The fact that every Red Seal Continental motor has been built 
for a particular purpose is one reason for its long life under 
continuous use. Continental facilities, the most complete in the 
industry, are utilized to the fullest in the designing and producing 
of these long lasting, economically operating, gasoline engines. 










r) 
| CONTINENTAL MOTORS CORPORATION 
Offices: Detroit, Mich., U. S. A. Factories: Detroit and Muskegon 
The Largest Exclusive Motor Manufacturer in the World 
Moulds on a traveling con- 
veyor pass beneath a huge, 
cauldron-like ladle. It tips. 
A tapering, molten stream 
of metal flows from its spout. 
The cylinder block has been 
formed. 
tT f, [ i 
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He Cursed the 


—But LACK of LUBRICATION was the REAL Trouble! 


CAR 


In just 5 minutes you can prevent this 
injustice to the cars you sell 


E have recently investigated repair bills 

and service in 45,000 garages, service 
stations and dealers’ service departments. This 
disclosed too many cases where the owner con- 
demned the car—and inspection showed the 
trouble due to improper or neglected lubri- 
cation. 


Avoid this in 5 minutes 
—as you sell the car! 


Naturally, you impress upon the new owner 
the performance and merit of the car he buys. 
Now take 5 minutes more to insure he keeps 
on getting all the fine service that’s built into 
it. Don’t let him drive off until he understands 
the importance of regular, proper lubrication! 
Explain the Alemite system to him thoroughly 
AND: 


Make sure that he comes back to YOu for 
regular ALEMITE-ING (forcing genuine Alemite 


AIL, 


HIGH 





PRESSURE LUBRICATION 


lubricant into gears of car—with Alemite 
equipment). 


You cash in two ways 


You pave the way to future sales. By guarding 
against ignorant misuse of the car you sell. 
And you know from experience that most of 
tomorrow’s sales are built from the perform- 
ance of cars in use today. This emphasis on 
Alemite lubrication will go far to make every 
buyer enthusiastic over your car’s performance. 


In the second place, you are bringing that 
owner back once or twice each month for 
service. Thus you keep in constant touch with 
him. And this service makes you a net profit 
of from $12 to $25 per year on each car—your 
service profit on Alemite-ing! 

The Bassick Manufacturing Company Di- 
vision of Stewart-Warner, 2654 N. Crawford 
Avenue, Chicago, Ill. Canadian address: The 
Alemite Products Company of Canada, Ltd., 
Belleville, Ontario. 


©T.B.M.Co. 





THE COMBINED STRENGTH OF THESE TWO NAMES—REP- 
RESENTING THE LARGEST ACCESSORY MANUFACTUOR- 
ERS IN THE WORLD—IS YOUR GUARANTEE OF QUALITY 


ALEMITE 
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FIBROC moulded timing gears 


are perfectly balanced and have 
tremendous strength. 


SILENT TIMING GEARS 


OW, nearly all leading Automotive Engineers 

agree that the driving of timing devices of the 
modern automobile engine is best accomplished by us- 
ing an intermediate non-metallic gear. 


FIBROC is an extraordinarily good laminated bake- 
lite gear material. This gear material, from actual 
tests extending over a period of years, has proved to 
be the best for use in the timing gear trains of high 


compression high speed motors of today’s automo- 
biles. 


FIBROC is tough and durable, unaffected by oil and 
FIBROC moulded timing gears fumes and adds greater silence and longer life to 
are supplied with or without timing gear trains. 
metal hubs—of any design. 


The cost of FIBROC gears is no higher than the cost of 


ordinary silent gears—Specify genuine FIBROC for 
dependable timing gears. 


FIBROC INSULATION CO. 
nl 215 Lincoln Avenue 
Note mh the heaviest canvas VALPARAISO, INDIANA 


threads all’ run in the same 
direction so as to bring the butt 
ends at the point of impact, thus 
giving every tooth maximum 
wear. 





| 
| 
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RING TRUE 


Always alert to advanced refinements, Bohn engineers 
developed the Bohn Ring True Interchangeable 
Bearing which today constitutes 70% of Bohn’s 
Bearing production. Such an outstanding growth is 
evidence of outstanding worth. 


The Bohn Ring True patented process Interchangeable 
Bearing is machined to precision limits. Maximum vari- 
ations in essential dimensions does not exceed .00025. 


BOHN ALUMINUM & BRASS CORP., DETROIT, MICH. 
Also manufacturers of Nelson Bohnalite Pistons and Bobnalite Castings 
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One has only to 


study the other tri- 
umphs of steel over 
wood to realize that 
the present trend 
towards the All-Steel 
Body was inevitable. 


EDWARD G. -B i DD mea. CO... 


Philadelphia and Detroit 


e 





SPEEDING THE PROGRESS OF THE WORLD. 





The production lines of the larger 
sate @rrtleltielaatrconpelehvcnusiuetelelee 
like regularity—and there is always a 
Clark Axle waiting to take its place 
in the chassis: our axle production 
facilities alwavs keep pace with our 
customers’ production demands. 





e 


CLARK EQUIPMENT COMPANY 
BUCHANAN - - MICHIGAN 


r-1 >) @e-> 4m a 





Strength of steel, 
symetry of well 
designed spokes, 
lightness of wood, 
low cost due to 
large production— 
tell the story of 
why Clark Truck 
Wheels are pre- 
ferred by the 
larger truck 
manufacturers. 
CLARK EQUIPMENT CO. 


BUCHANAN, MICH. 
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Reasons for 


SUCCESS 


Owners of LOCKHEED-equipped passenger cars and 
trucks will say it is because of the vastly superior per- 
formance of these brakes—the ease of application—sim- 
plicity of adjustment—low maintenance cost and high 
wear factor. They will express surprise that all motor 
vehicles are not provided with equally adequate brakes. 


Dealers in LOCKHEED-equipped vehicles will tell you 
it is because of the demonstrable superiority of these 
brakes—they help to make sales—they reduce selling 
costs because they come from the factory ready for 
delivery and require no attention for many months 
thereafter. In fact, LOCKHEEDS are in keeping with 
the high standard of engineering characterizing the car. 





These are the primary reasons for the success of 
LOCKHEEDS, but manufacturers who have adopted 
them will give you yet another reason, the importance 
of which may not be fully appreciated. 


GREAT ECONOMIES ARE EFFECTED 
IN THE COST OF PRODUCTION 
ASSEMBLY BECAUSE OF THE SIM- 
PLICITY OF THE LOCKHEED DESIGN. 


What this means to the manufacturer of motor vehicles 
can only be appreciated by those who have studied the 
production assembly operations involved in the hy- 
draulic system as compared with those of other designs. 


HYDRAULIC BRAKE COMPANY 
Detroit, Michigan, U.S.A. 
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CRAVEROIL gives 


your Valves a chance 


to demonstrate 


how qood they are 


QUICKER ACCELERATION 


GREATER TOP Sm 


NG 
MORE NAYE GuaNrh 


eS. 
me 


A POOR or bad valve is rare today. Modern 
automobile manufacturers are equipping their 
motors with the very best valves. Yet they have 
not eliminated valve troubles. This may puzzle 
some, but engineers have long realized that the 
problem is one of lubrication and not design. 


The valves in a motor 
move at a high rate of 
speed — opening and 
closing a thousand 
times a minute. Other 
slower moving parts 
are supplied with oil 
so why shouldn’t the 
valves be lubricated? 


The valves are sub- 
jected to a very intense 
heat, especially the ex- 
haust valves. And this 
is the very thing that 
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The principle of Craveroil 

is simply proper lubrication 
for valves—one of the most 
vital moving parts of the 
motor. A Craveroiler and 
Craveroil willimprove the 
performance of any motor. 
Thousands of motorists will 
verify this. 


recommends Craveroil as the only efficient valve 
lubricant. 


Craveroil has a special formula—with lubricat- 
ing qualities that endure the terrific heats of 
combustion—so that at high temperatures the 
valves, valve stems and guides and upper cylin- 
der wallsare covered witha coating of Craveroil. 


The composition of Craveroil is such that it will 
counteract the formation of gums, carbons, and 
metallic oxides deposited by our modern efficient 
high-compression fuels. Craveroil will also soften 
and loosen ordinary carbon so that the valves can 
seat tightly and prevent compression leakage. 
Craveroil will not allow valves to become sluggish. 


THIS ENGINEERING DATA IS YOURS FOR THE ASKING 
Send for your copy of the Craveroiler Questionnaire. It gives 
detailed facts regarding combustion chamber lubrication with 
complete information as to what Craveroil is and how it func- 
tions. Craveroiler Engineers are at your service at all times. 


Manufactured by 


Yale & Towne Mfg. Co. 


Distributed throughout the world by 


Craveroiler Co. of America 
4523 Tacony Street Philadelphia, Pa. 


RAVEROILER 


re STION CHAMBER LUBRICATOR ~ ~ ~ 
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MODEL 


MOTO METER 
Unique... beautiful—and as practical as it is new! Essentially a 
motor heat indicator, the new lighted Radio model reflects the 
utmost in motor protection as well as design. 

At night, the ingeniously concealed radio pilot bulb throws a 


soft beam of light down the indicating tube, no annoying glare, 
yet plenty of light for a constant check on motor conditions! 


The transparent crystals, too, are an innovation, completing an 
effect that adds individuality to the front of any car. 


List: $6.50 
The Moto Meter Company, Inc., Long Island City, N. Y. 
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eet the Problem o 


High Compression 


IGH compression now looms up as the most 

important development of the day. But if 
it is important as a development it is equally im- 
portant as a problem. 


For years engineers have wrestled with the prob- 
lem of raising the compression without increasing 
detonation tendencies. Changes of combustion 
chamber shapes, spark plug locations and valve 
arrangements have been resorted to with but slight 
success. 


For this reason the advent of Egalite in use for 
high compression cylinder heads is receiving 
marked attention at this time. 


Egalite Advantages 


Cylinder heads made of Egalite make possible 
an increase of compression because they eliminate 
the danger of detonation by more effective com- 
bustion chamber cooling. 


Egalite eliminates the tendency of hot spotting, 
or unequalized temperature which produces pre- 
ignition and overheating. That is because Ega- 
lite’s heat conductivity is so great that it gives an 
almost uniform temperature to entire cylinder 


head. 


The Egal Metal Products Company 


Baltimore, Md. 


EGALITE 


Fallsway and Eager Street 


An actual test upon a running motor showed a 
variance in temperature of only 8° F between 2 
and 4 while a cast iron clyinder head showed a 
difference of 40° F as indicated upon the illus- 
tration. 

What Is Egalite? 

Egalite is not merely an alloy, but is the result 
of a special process which equalizes the molecular 
structure of the metal. Thereby imparting to the 
metal qualities such as uniform wear resistance, 
high specific heat and conductivity in addition to 
its lightness of weight. Practical tests have proven 
that Egalite contains many attributes especially 
valuable for many other parts of the automobile. 


Pistons, Cylinder heads, Crank cases, Cover 
plates, Intake and Exhaust Manifolds, Cylinder 
blocks, Connecting rods, Spring Hangers and sup- 
ports, Disc wheels, etc. 


For anyone desiring to investigate Egalite in 
connection with any specific problem we furnish 
complete facilities and information. 


Free Egalite Booklet 


The Egalite book is a compilation of facts con- 
cerning many practical tests which have been 
made with Egalite and will be sent gladly on 
request. 





for High Compression Cylinder Heads 
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Symbols 
of Excellent 


Quality... 


CARTER 


WIRE-ON 


MOULDING 


Carter’s Wirz-On Moulding 
achieves that final touch of ex- 
cellency so desirable in today’s 


fine motor cars... 


The GEO. R. CARTER CO. 


Connersville, Ind., U.S: A. 
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Cut Production Costs 
With Hutto Grinders 





Hutto installation in one of the 
principal automobile plants 


Leading manufacturers are using HUTTO “G” Machines for grinding 
piston pin holes, hydraulic brake cylinders and similar work. The “G” 
will do your job, too. Send us your blueprints or ask us to send a 
representative. 


HuTTO ENGINEERING COMPANY, INC. 
516 Lyeaste Avenue ( o } Detroit, Michigan 
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ij parts that fit 


%» any Schrader tire valve 





Wherever tires are 
used, these parts are 
sold... always uni- 


form... perfectly 


interchangeable 


CHRADER Valve Insides and 
Valve Caps always fit. 


You can take a No. 880 Valve 
Cap from a bus tire and put it on 
an airplane tire . . . or take a 
Schrader Valve Inside from a 





bicycle tire and use it in an 
automobile tire. No matter what the _ be bought everywhere. More than 100,000 
type of tire . . . no matter what the size dealers, all over the world, sell these two 
. these valve parts fit perfectly and are valve parts... parts that are the same in 
equally dependable for either high or low Chicago and Calcutta . . . parts that fit 
pressure. as perfectly in New York as in London. 
Schrader Valve Insides and Valve Caps can These features . . . interchangeability, 
world-wide distribution, uniformity . . . are 


important reasons why Schrader Tire Valves 
are the standard of the world. 


A. SCHRADER’S SON, INC., BROOKLYN, N. Y. 


Branches: Subsidiaries: 
Chicago -Toronto - London Akron - Los Angeles - Paris 


Schrader 


Makers of Pneumatic Valves Since 1844 





Schrader Valve Insides and No. 880 Valve Caps 
are packed for resale in. handy metal boxes 


containing five each. + TIRE VALVES —_ TIRE GAUGES 
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NOTES ON USES OF NICKEL CA 





























~ REMARKS: 


Due to the higher and more uniform hard- 
ness of the Nickel Cast Iron, a minimum 
sertige life of 1000 hours is secured from 
thes@ liners under the severe conditions of 
tractor operation. 

Quantity production machining rates are 
maintained because the greater hardness of 
Nickel Cast Iron is due to a general body 
hardening rather than to the presence of an 
excess of the tool-destroying white spots 
(iron carbides) common to ordinary hard 
cast iron. 

The Allis-Chalmers Mfg. Co. report “...in 
the production of removable cylinder liners 
the use of Nickel has enabled us to employ 
a harder mixture having better wearing prop- 
erties, which is at the same time sufficiently 
machinable to meet quantity production 
requirements.” 

Our foundry specialists will gladly discuss 
your casting problems with you. 





Allis-Chalmers 20-35 Tractor, 
pulling Massey-Harris Com- 
bine. Nickel Cast Iron used in 
cylinder head and removable 
cylinder liner of tractor. 


«A 


THE INTERNATIONAL NICKEL COMPANY 67 WALL STREET, NEW YORK, N.Y. 
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‘Morse Silent =. 
iming Chain 
Of course ° 





~ di 
“Now that we are usitig No other item of motor equipment will. 
Morse Silent Timing has greater sales importance than 4 
Chains, we’ve forgotten the timing chain. Tell prospects that 
rm i r i si 
that our car really has your motor 1s Morse equipped and Recent additions at 
a front end” is the there is nothing further to say. For 
oa . Noa both our Ithaca and 
concensus of opinion fifteen years, Morse Silent Timing D t £ ae th 
‘ “ - etroit factories ave 
of motor car manu- Chains have been “Always Quiet— 


placed us in still better 
position to meet the 
needs of the automo- 
tive industry quickly 
and economically. 


facturers. Always Dependable”. 
It is that quality of 
absolute reliability 
that has earned for : ; 
Morse Silent Timing ™°US choice among a__facturers using front 





ets . big majority of manu- end chain drives. Ask Morse engineers 
Chains such an envi- to help you with your 
oe MORSE CHAIN COMPANY _ timing chain problems. 
It is that quality which Main Office and Works, Ithaca, N. Y. An inquiry involves no 
has made them unani- Sales and Engineering Office: Detroit, Mich. obligation. 





MORSE 


GENUINE :. SILENT. € BAe 
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Nhe 
KINGSTON 
Telehy eae 


Nlesieioverisctese 
ed to the Kingston 
One-Valve tank 


which increases the 
intake manifold 
suction 400 to 600 
per cent at wide 
open throttle 


Kincston Propucrs Corporation 


KOKOMO - INDIANA 


=f 
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BUMPERS 


HESE are not merely strips of bent 
metal, built from a price, in. They area 
known quantity, designed from a purpose, out. 
How well they will serve is proved in actua! 
Traffic Tests where they are smashed into fire 
plugs and concrete pillars. 

Specify Stewart-Warner Traffic-Tested 
Bumpers. Their modern lines enhance ap- 
pearance and their dependability gives sales- 
men an excelling feature. 


STEWART-WARNER SPEEDOMETER CORPORATION, CHICAGO, U. S. A. 
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STEWART-WARNER 
TRAFFIC-TESTED PRODUCTS 


Speedometers - Vacuum Tanks . Horns . Bumpers + Shock Absorbers . Pass-a-Lite, the wireless cigar lighter 
Electric and Vacuum Windshield Cleaners « Chains + Driving Lights . Road Lights + Body Polish - Metal Polish 
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Fresh Oil System 


for the Cylinders of Heavy Duty Motors 


It is noteworthy that Fresh 

Oil Lubrication of the cylin- 

ders has been an outstanding 

feature of practically every 

outstanding success on severe 

service in the heavy duty 
engine field. 


On the 





. f=. 


ATLAS Imperial 6; x 8; Standard Industrial Engine 


Shown above is the Atlas-4-cylinder 6% 
“% Standard Industrial Engine lubri- 
cated by the Madison-Kipp Lubricator. 


A Heavy Duty Motor can only work to 
best advantage when the cylinders 
and pistons are protected by the proper 
oil-seal. 


The quality of the lubricant at the time 
it is delivered to the cylinders, is the 
most important factor in creating the 
proper oil-seal. 


The proper oil-seal for all bearing sur- 
faces of the pistons and cylinders is, in 
turn, a most important factor in the 
length of life of a heavy duty engine. 


Madison-Kipp Lubricators unfailingly 
deliver fresh oil in measured quantities 
to the cylinders. 


They start with, run with, and stop 
with the motor. They provide a proper 
oil-seal under all conditions of weather 
= ‘con performance without waste 
of oil. 


On Atlas engines, Madison-Kipp Lubri- 
cators have been standard equipment 
for many years. 


Lubrication data, lubrication service and 
co-operative experimental work in lubri- 
cation is always available to engineers 
and manufacturers. 
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| OR quick starting, fast get 
away, Sustained power, and 


year ‘round efficiency regard- 
less of weather, Marvel 


Carburetion is always A STEP 
AHEAD. 


Controlled exhaust heat 
applied right at the throttle 


(an exclusive Marvel feature) guar- 
antees better carburetion. 


Standard Factory Equipment on — 


BUICK -- NASH-- HUDSON 
and OAKLAND 


MARVEL CARBURETER COMPANY 


FrilLiINnt fen LM 
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models 


Every new model has introduced new 
elements in frame design. 


Four-wheel brakes and balloon tires 
each brought radically new problems. 


Higher car speeds have affected it tre- 
mendously. Even such changes as new 
radiators and new body designs have ne- 
cessitated new methods of approach. 


Each of these improvements has 
brought problems in frame design—prob- 
lems that had to be solved speedily and 
under pressure of time. 


In co-operation with the customer’s 
engineers, the Smith Engineering Service 
has met and solved each of them. 


Yet, in the last nine years, none of the 
automobile companies using A. O. Smith 
frames have had to shut down their lines 
due to slow or inadequate delivery of 
frames. 


A. O. SMITH CORPORATION, Milwaukee, Wis. 


Auto Products Division 


SMITHSTEEL 
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DO NOT INTERLINK 


DO NOT RUST 


50 % ADDITIONAL 
LOCKING POWER. 





PIONEERING TO 
LEADERSHIP 


HE first horseless wagons 
marketed by Ford, Win- 
ton and Olds were equipped 
with National Lock Washers. 


That unpretentious begin- 
ning led to the ultimate adop- 
tion of lock washers by the 
entire automotive industry. 


As the automotive industry 
grew, the variety of types and 
sizes became more and more 
unwieldy until we, in collabor- 
ation with A.L.A.M.., standard- 
ized the product. The present 
S.A.E. standard is the out- 
come. 


Faced by the problems of 
today’s mass production we in- 
vented and patented Kantlink, 
which eliminated the only ma- 
jor shortcoming of the lock 
washer, i. e.: its tendency to 
interlink or tangle. 


And then to make Kantlink 
still better, we Parkerized it 
fo prevent rust. 


We are proud of these un- 
usual achievements in the in- 
dustry. 


The National Lock Washer Company, 
40 Hermon Street, 


S.A.E.J.—6-28 
Newark, New Jersey. 


Please send me information about 
Kantlink Lock Washers. 





(Name) 


eee” 


(Address) 
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ne way 
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We 


fo reduce 
your labor costs 





ANTLINK lock washers will save in labor for many 
manufacturers more than the entire cost of the lock 
washers. Kantlinks do not interlink or tangle. 


< 


LTATTAALATIATAIAATATATAATAS 


>; 

R Ask your foreman how much time is taken up untangling 
2 lock washers. Also ask him how many ingenious contraptions 
his men have rigged up to keep them from tangling again after 
% they are once untangled. Ask him, too, how many masses 
2 of tangled lock washers his men have thrown away “because 
3 they cost so little.” Then let us send you a supply of Kantlinks 
a for test. Your time and cost sheets will convince you that you 
% cannot afford to use any other type of lock washer. 

2 

w 

eI 


2, 


Furthermore, your finished assembly will be better because 
Kantlink lock washers are Parkerized so that they will not 
rust or corrode; and they are cut at such an angle that their 


ik 7G 


2 locking power is 50% greater than that of the ordinary type 
fe of lock washer. 


TATTLE 


iS, 


You cannot afford to use anything but Kantlink. And it will 
not cost much to prove it for yourself. Try some and time 
the work. 


SOL 


i, 


© 


THE NATIONAL LOCK WASHER COMPANY 
Newark, New Jersey, U. S. A. 


Sales Offices: 


BUFFALO, CHICAGO, CLEVELAND, DENVER, DETROIT, LOS ANGELES, MILWAUKEE, 
NASHVILLE, NEWARK, NEW YORK, ST. LOUIS, ST. PAUL, SAN FRANCISCO, 
Canada: TORONTO, MONTREAL 


ANT LINK 


LOCK WASHERS 
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Timken BR 


Greater thrust capac- 

ity and greater load- 
carrying areainTimken 
Bearings account for the 
improved rigidity of 


Timken-mounted pinions, 
differentials, and rear 
wheels. 


Adopting Timken Bearings 
for the rear axle is a posi- 
tive step away from noise, 
service troubles, and ill 
will. Any engineer can 


TIMKE 
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Tapered FP 
Roller £35 


ar Axles 


convince himself by 
means of the same tests 
which showed several 
noted manufacturers that 
Timken Bearings alone 
meant a 50% reduction in 
the lift and give of the 
pinion! 


There goes the chief source 
of noise! There is the sure 
capacity for modern 
engine speeds and loads! 


THE TIMKEN ROLLER BEARING CO. 
CA BW T O W's o zat 



































Of the first twenty 

thousand Ray Day Piston 
installations nineteen thousand, 
nine hundred and ninety-seven 
stayed put—an almost unbelievable 
record — that is the proof 

of this New Era piston. 


When we say stay put we do 


Ray Day, a fine grained light alloy of 
very dense structure, is tougher and 
stronger than any other metal used for 
pistons, maintuining extreme hardness 
at all engine temperatures. 


se 


a N N \\’ 
= AY 
Li 


. — 


not mean just 

long enough to get 

the car out of the shop, 

but we mean a durability as endur- 

ing as that of iron pistons. Ray Day 

Pistons do not slap when cold, do 

not drag when hot and do 

not pump oil. They set a 

new standard for piston life. 

RAY DAY PISTON COMPANY 
Walton at W. Warren—Detroit 


WESTERN FACTORY 


27th Ave. and Commodore Way——Seattle 





June, 1928 Ss. A. E. JOURNAL 75 


AKING RECORDS 
ITH STUDEBAKER 























AGAIN ~ Spicer Fauipped 


Cars Establish Record 


Two Studebaker Dictators — strictly stock 


cars —each recently completed a 5000-mile 
run in the fast time of less than 5000 
consecutive minutes—another creditable 
achievement for Studebaker — another  suc- 
cessful run for Spicer. 


Forty miles an hour when new—65 miles an 
hour later; unnecessary to change engine oil 
or lubricate the chassis oftener than every 
2500 miles—such is the standard set by the 
Studebaker Dictator —and met by Spicer 


Propeller Shafts. 


Spicer Universal Joints and Propeller Shafts are 
standard equipment on these passenger cars: 


Cadillac Erskine 
Chandler Flint 
Cunningham Franklin 
Dodge— Gardner 
Standard Six Hudson Pierce-Arrow 


Durant Jordan Reo-Wolverine 
Dupont LaSalle Star 

Elear Lincoln Studebaker 
Essex Locomobile Yellow Cab 


Marmon 

Moon 
Paramount Cab 
Peerless 


SPICER MFG. CORP. 


South Plainfield New Jersey 


pic er 


ropeller Shafts 
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The First Waukesha Engine—40 Roaring Horse Power 


Th More than twenty years of steady 
e progress — between the first 
= Waukesha engine and the present 
Roaring highly refined powerful coach en- 
~ gines of today. During that period 
Forties the Waukesha Motor Company has 


introduced the demountable cylin- 
der head, fully enclosed valve gear, 
the Ricardo combustion chamber, 
the truncated non-rocking cylinder 
block, over-size chrome-nickel steel 
crankshaft, and the super - rigid 
“sirder’’ type crankcase, many of 
which are still exclusive Waukesha 
advantages. 


No coach engine is truly modern without at 
least some of these important features, and 
only a Waukesha powered coach has them all. 
To fully appreciate the progress that has been made 
in this art the small picture at the left shows the 
present 120 H.P. Waukesha Motor Coach Engine. 
Send for bulletin No. 592 giving full particulars. 





D-804-S 
Today’s Quiet, Smooth 120 H. P. Engine 


A-843-L AUTOMOTIVE EQUIPMENT DIVIS ON 


WAUKESHA MOTOR COMPANY 


Waukesha . Wisconsin 
Eastern Sales Offices Eight W. 40th Street New York City 


FE A A ES NS AACE RE Oo eS Ee ORR RRR MR RCRA RRIRRE ETS er EL TL TE, 55 TS 
Exleusive Builders of Heavy Duty Automotive Type Engines for Over Twenty Years 
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Started by 
Auto=Lite ® 


Kverywhere .fvery Day 








Modern caravans—these endless lines of heavy trucks, 
massive busses and countless passenger cars that 
throng the highways. (Day after day, these mighty 
caravans go forward —indispensable to commercial wel- 
fare and the progress of a nation! (And all this tremen- 
dous movement—all this great force—dependent upon the 


mechanism of the electrical system. ( Years of efficient, 


faithful service have won for the Auto-Lite starting, lighting McFarlan, Nash, Peerless, Star, Stearns-Knight, Velie, 
and ignition system the confidence of millions of American Whippet, Willys-Knight, and many others, including more 
motorists—and the acclaim of leading motor car builders. than 80 Truck, Tractor, and Marine Engine Builders. 
Auto-Lite is used by the manufacturers of Durant, Essex, . . THe Evecrric Auto-Lrre Company 
Falcon-Knight, Hudson, Hupmobile, Jordan, Locomobile, AND Works: ToLepo, Onto 


Auto:-Lite 


Starting, lighting € lgnition 


. . . OFFICE 
. . Also Makers of DéJon 
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EXACT wm SPECIFICATION 





Ra N placing orders for quantity production of parts and completed 
ff articles of metal, the automotive business necessarily lays stress 
on exactness of detail. The modern methods employed by 
Scovill are guarantees of accuracy. Every process in the three and 
one-half million square feet of floor space devoted to manufacturing 
is supervised by trained men. The tools, dies and special machinery 
are designed and built in the Scovill plant. A high standard of 
efficiency is maintained. Little wonder that Scovill can combine 
dependability and speed. For years manufacturers have turned to 
the Scovill organization for strict adherence to specifications in 
volume production. 





Scovill means SERVICE to all who require parts or finished 
products of metal. Great factories equipped with the last word 
in laboratories, and modern machinery manned bv skilled work- 


men, are at your disposal. ’Phone the nearest Scovill office 


SCOVILL 


MANUFACTURING COMPANY - - Waterbury, Connecticut 


NEW YORK — CHICAGO — BOSTON — SAN FRANCISCO 
DETROIT — PHILADELPHIA — LOS ANGELES — ATLANTA 
PROVIDENCE — CLE ELAND — _ CINCINNATI 


IN EUROPE--THE HAGUE, HOLLAND 


Member. Copper and Bras« Research Association 


June, 1928 
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And she would have said “Yes” 


His beautiful romance has been shot in the neck. Sweet Agnes- 
Mae is not going to hook up for the long term with a dub who 
doesn’t know enough to have his brakes lined with Rusco. Have 
your brakes relined with Rusco today and always be able to stop 
quicker. 


Holds in WET Weather as Well as in Dry 


Rusco Brake Lining is treated with a special, RUSCO secret com- 
pound, so that water has no effect on its efficiency. 

Rusco repair men pay more for Rusco than for ordinary 
lining, but they do not charge you any more. They use special 
mechanical equipment that insures expert adjustment and 
application of Rusco. Have your brakes inspected, adjusted or 
relined today at the nearest Rusco Brake Service Station. Send 
for free booklet. The Russell Mfg. Co., Middletown, Conn. 


Garagemen: Send today for famous Rusco proposition to the trade 


RUSCO BRAKE LINING 


a 


ape ae 3 ¢ Other RUSCO Products 
e Ps = GE Rusco-Ace Brake Lining 


Durak Brakeshoe Liners 
Bra! 








One of a series in the Rusco 
continuous advertising program 


When a woman puts her foot down 


HE 


EXPECTS 


RESULTS 


Xd 


Action—quick action—is what the woman driver 
expects when she puts her foot on the brake pedal. 

And that is the kind of action she gets with 
Rusco lined brakes. Rusco stops quicker, applies 
with less pedal pressure and holds in wet weather 
as well as in dry. Women drivers appreciate the 
feeling of security and smooth, easy brake appli- 
cation that Rusco lining provides. 

Millions of motorists have already discovered 
the quick-stop efficiency of Rusco lining. Millions 
more are being told about it by the Rusco con- 
tinuous advertising campaigns. 

The adoption of Rusco as standard equipment 
means adding a quality feature to your cars that 
is of especial interest to women drivers—and 
women buyers. 

The production of a brake lining with the re- 
markable qualities of Rusco represents an achieve- 
ment based on 98 years of manufacturing experi- 
ence and the utilization of the most advanced 
engineering resources. 


Test RUSCO Yourself 


To prove to yourself, Mr. Car Manufacturer, that 
Rusco actually measures up to our claims and 
improves the efficiency of automobile brakes, fill 
out the coupon below and we shall gladly send 


you, without charge, enough lining for the brakes 
of your car. 





RUSSELL MFG. CO., 
Dept. B-40, Middletown, Conn. 








Please send me free of charge and without obligation enough brake 
lining to equip the brakes of my car. 


Name of car 


WES 6 O09 4de ad 0 ahah wae ee ROE. 0 wee 06 ba Need 5.b6 66 wae EE 
ee, ee ere Sore PED <'s:5. 0 dum halo tp bos owes 
METTLE ee Teer ee eee ee ee ee 
CaF ses cas » oo Waa eee 6 cee State 


Name of Motor Co. 
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Engineers Wanted 


Prominent and long established machine 
tool manufacturer has openings for sev- 
eral practical technically trained engi- 
neers. Some of these are wanted for 
engineering work at the factory and 
others for training as sales engineers in 
the field. This is an opportunity for the 
man of exceptional ability, training and 
personality to identify himself with an 
organization recognized as a leader in 
engineering accomplishment and which 
is planning for even greater accomplish- 
ment during the next ten years. 


Applicants must be not over 35 years 
of age and should write fully of their 
training and experience. All communi- 
cations will be treated confidentially. 


BOX 14 
S.A. E. JOURNAL 
29 W. 39th St., New York 
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“Good will is a direct descendant of 
being decent. It is a deep human re- 
sponse to the higher motives in man. 


“Good will is public response to a 
good product, backed up by friendly 
and efficient service. It comes only 
to those who deserve it and remains 
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“Good will is an index of the re- 
spect you have earned and the confi- 
dence you command. 

rainy days and dull days. 


It works on 


“Good will is our greatest business 


asset. 


Fuller & Sons Mfg. Co. 


4 KALAMAZOO, MICHIGAN 
: 
; 
‘ 
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Summer Meeting 
Number 





Looking forward to our 1928 Summer Meeting 
Number of the S.A.E. JJURNAL, you will be 
interested to know that this year it will be the 
July instead of the June issue as heretofore. 








Did you ever attend a Summer Meeting of the 
Society of Automotive Engineers? This year it 
will be held at Quebec from June 26 to 29, in- 
clusive, at The Chateau Frontenac. There you 
will see a eross-section of the readers of the 
S.A.E. JOURNAL—automotive engineers repre- 
senting the designing, research and production 
branches of the industry, and also prominent 
executives, sales engineers, and operation and 
service men. 

































Their activities in automotive engineering de- 
velopments and in sports and social life at this 
meeting will be reported in the Summer Meet- 
ing Number of the S.A.E. JOURNAL. Interest 
of these men in this issue is something that 
every alert manufacturer who sells to the auto- 
| motive industry wants to draw to his product. 
| (In selling to this industry and keeping it sold, 
the automotive engineer is a very important 
factor. He must be sold first, last and continu- 
ously.) 


































As the problems of the automotive manufac- 
turer become better understood, advertisers to 
this industry appreciate the value of the S.A.E. 
JOURNAL and use its pages more and more. 
Over two hundred manufacturers bought space 
in our last Summer Meeting Number. Our 
plans for this year’s issue are nearing comple- 
tion, and indicate that the July number will be 
the most attractive and interesting ever pub- 
lished. 
































Let us tell you more about the Summer Meeting 
Number, the interest the automotive industry 
has in it, and of the industry itself. 








Forms close June 15, 1928 


Society of Automotive Engineers, Inc. 
29 West 39th Street 
New York, N. Y. 
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yMECHANICS., 

























OIL Sere -~-OIL TIGHT 


‘When you think of the 
good reputation that 
t Interstate Steels have 
=J Zz t wherever steels are 
es 4 known, think of the 
Around theWorld | : years of precise manu- 
: facture, constant quality 

without change of lubrication in the and unfailing service be- 
Universal Joint would be no unusual iE hind that reputation... 
performance for a Mechanics. 2s and we hope you will 
| think it well-earned. 












INTERSTATE IRON & STEEL CO. 
104 South Michigan Avenue 
CHICAGO 





Open Hearth Alloy Steel Ingots, 

Billets, Bars, Wire Rods, Wire, 

Nails, Cut Tacks, Iron Bars and 
Railroad Tie Plates 


Fnterstate 
Alloy Steels 


District Offices: 
NEW YORK-—52 Vanderbilt Avenue 
DETROIT —Washington Boulevard Building 
MILWAUKEE—First Wisconsin Nat’! Bk. Bldg. 
ST. PAUL—Merchants National Bank Building 
ST. LOUIS—International Life Building 
KANSAS CITY—Reliance Building 





“Built 

as only 
Mechanics 
Can Build” 







Mechanics Machine Co. 
Rockford, Ill. 


Sales Representative 


Cc. A. S. Engineering Co., Detroit, Mich. 
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Speed With Ease 


Getaway 
Without Strain 


With traffic eight cars 
wide on the Boulevard, with 
racing motors ready to jump 
at the signal light like horses 
at the post, what other Clutch 
has responded like the Borg 
& Beck? 


That capacity for deliver- 
ing “Speed with Ease” and 
“Getaway without Strain” is 
what has made the Borg & 
Beck Clutch predominantly 
the standard equipment of 
the industry. 


THE BORG & BECK 
COMPANY 


t10 SOUTH MICHIGAN AVENUE CHICAGO 
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Electric 

EC Gasoline 
Gauge 
COMPANION TO THE NAGEL R-K-D 


Nagel Gauges embody 4 distinct features—Accuracy, 
long life, adaptability and low current demand—all 
of which have led to their adoption as standard 
—" on— 
ADILLAC 





Dt agit DU vy 6, ELCAR, FALCON KNIGHT, 

N, MARMON, PIERCE ARROW 
s yy, ; T, STUDBRAR ER PRES SIDENT. WILLYS KNIGHT, 
VELIB, ACF BUS, GENERAL MOTORS TRUCK. GRAMM Se Us 
INTERNATIONAL BUS LARRABEE DEYO en ‘K NEBRASKA 
BUS, REPUBL TWIN COACH, UNIO BUS. 


THE W. G. NAGEL ELECTRIC COMPANY 


IC BUS 


TOLED( 


9 NAGEL - 


AMMETERS« OIL PRESSURE GAUGES 
RKD ELECTRIC GASOLINE GAUGES 
PANELS * + INSULATIONS OF 
HOT MOULDED BAKELITE 








[RE URO HOARE 





TOO LOLe 
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: 
RusBERWARE. 
: for the 
Automotive 
= 
: Industry 
Ry 
oro % 
E RUBBER ACCESSORIES AND TRIM © 
i) MOLDED PARTS MADE TO : 
5 CUSTOMER’S DESIGN © 
RUBBER GLOVES : 
oro os 
Manufacturers | 
THE AETNA RUBBER CO. 








Cleveland, Ohio 
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d MORE Ww IRE 


POWER 
for the 


Automotive 
Industry 


Flat Wire, Strip Steel for 


Fenders and other Automo- 






















bile Use. Springs, Ignition 
Wire, Wire Mesh for Auto 
Roofs. 





WW 
| 
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Wire for every known Automo- 









































“7 . : re Cables, Springs, Flat Wire and other cata- 
qn specifications include = Wis- logues describing Wire Products for the Auto- 
| consin Motors. snotive Seduatey. 

We stand ready at all times to 

| substantiate our claims that 

' Wisconsin Motors. deliver 
“More Power per Cubic 


Inch.” No obligation is at- American Steel & Wire Company 


tached to a request for proof. 


Note what owners say about bile Pargece. 

the efhciency and economy of 

Wisconsin Motors... . hear Reliable and Dependable are American Steel 

why manufacturers of trucks, & Wire Company's. pana. 

buses, tractors and construc- Time and Use has demonstrated this. 

tion machinery in highly com- 8 more - agren of — - —_ 

| yetitive fields consider it the cen sepRyeg Se Awmenenre Soeery 

AWA ideal motor .... give a trial ainih at apa ers aan 
INI - motor the acid test of actual We offer the services of our Engineering de- 
)))|/|l||| performance .... and you'll  auimprcigs bong a olpactian. hdc 
understand why so many Send for our Manual of Electrical Wires and 


Ignition, Starting and Lighting Cables for 
Automobiles, Airplanes, Tractors, etc. 











SALES OFFICES 












is : CHICAGO......208 So. La Salle St. NEW YORK.........30 Church St. 
W isconsin Motor Mfg. Co. CLEVELAND....... Rockefeller Bldg. BOSTON ............ Statler Bldg. 

aS re os at DETROIT: ......... Foot of First St. PITTSBURGH.......... Frick Bldg. 

MILWAUKEE, WISCONSIN CINCINNATI.....Union Trust Bldg. | PHILADELPHIA.....Widener Bldg. 
HAH MINNEAPOLIS-ST. PAUL, RULANPA. .....20: 101 Marietta St. 
Wn Wisconsin Motors are manufac- Merchants Nat’! Bank Bidg., St. Paul WORCESTER.......... 94 Grove St. 
Hl tured in a full line of Sixes ST. LOUIS.......... 506 Olive St. BALTIMORE......32 So. Charles St. 
IH and Fours with power ranges KANSAS CITY...... 417 Grand Ave. pUFFALO 670 Ellicott St 
from 20 to 150 H.P. for OKLAHOMA CITY. yp Rie BE Bios 055 

trucks, buses, tractors and con- & First Nat’l Bank Bldg. WILKES-BARRE. Miners Bank Bldg. 
BIRMINGHAM....Brown-Marx Bldg. “SAN FRANCISCO...... Russ Bids. 


*LOS ANGELES 





| A . 
AWW | struction machinery. 
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| | me and Planters Bank Bldg. osekenen 2087 head pmol ae 
HAT DAILAS............ Peeewesten GO Oe oe ae ee, ae 
NWT 4 DENVER... .First Nat’l Bank Bldg. — > —_ 
| | | Ad yyy SALT LAKE CITY Walker Bank Bldg. ‘United States Steel Products Co. 
- WY 
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SPRINGS 


Chances are even at any rate that you are getting good 
| springs, promptly and dependably, now. If you would like 
to get better springs, or want a little more prompt delivery, 
or a more convenient source, tell us about it. 





We believe we can be of real service to the engineer on 
spring design, and our facilities are at your disposal. 


We are equipped to make all types of round wire and small 
flat springs or any material. 


BARNES-CIBSONPIRAYMIONDANE. 


MANUFACTURERS OF 
SPRINGS OF ALL DESCRIPTIONS 


6400 MILLER AVENUE 


DEMHHOMT,, bale teh, 























Another Victory for Gu pip" 


207.55 Miles Per Hour 





Ray Keech, driving the enormous and tre- ‘Frank Lockhart did not have his car equipped 
mendously heavy 36 cylinder 2500h.p.Triplex with Firestone Gum-Dipped Tires—and 
Special, set a new world’s record when he __ no other cars in the speed trials at Daytona 
averaged 207.5526 miles per hour at Daytona Beach were Firestone equipped, except Ray 
Beach, Florida, April 22, 1928. Keech’s car. 
MOST MILES PER DOLLAR 
TC + 
~ =~ 2 .~ eS . . ae 









, 
AMERICANS SHOULD PRODUCE THEIR OWN RUBBER... SHormusS Sinton 
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OLSEN TESTING MACHINES 


UNIVERSAL TESTING MA- : 

CHINES for tension, compres- The Standard 
sion and transverse tests of all for Quality 
metals and materials. the World = 








HARDNESS TESTING MA- 
CHINES for Brinell Hardness 
tests of all material including 
sheet metal. 


DUCTILITY TESTING MA- 
CHINES for determining draw- 
ing quality of sheet metal. 
CEMEN T, CONCRETE, 
CHAIN, ANCHOR, WIRE, 
ROPE, OIL, PAPER, CLOTH 
and Rubber Testing Machines. 


TORSION IMPACT, RE- 
PEATED IMPACT, TOUGH- 
NESS, ENDURANCE, WEAR. 
ALTERNATE STRESS and 
EFFICIENCY Testing Ma- 


chines. 


OLSEN-CARWEN STATIC-DYNAMIC BALANCING MACHINES 


Eliminate Vibration—Secure Perfect Balance with Speed and Economy 
The Olsen-Carwen is made in many sizes and types to balance any rotating parts from the smallest to 


the largest rotor made. Now used by all the leading up-to-date automobile and motor manufacturers 
throughout the country. 


SOLE MANUFACTURERS 


TINIUS OLSEN TESTING MACHINE COMPANY 


< ‘ Foreicn REpreEsENTATIVEs— Messrs. R. S. Stokvis & Fils, Paris, France, 
500 NORTH TWELFTH STREET Brussels, Belgium, Rotterdam and Amsterdam, Hoiland. Edw. G. Herbert, 
PHILADELPHIA, PA., U.S.A. Ltd., Manchester, Eng. Andrews & Gecrge Company, Tokyo, Japan. 


as ie Eh 


The Tool Must Fit The Job 


Lal 


Shop executives no longer expect one type of 
machine equipment to do every job. They 
buy different equipment for various classes 
of work. 


The same rule applies in hand tools. An 
ample stock of sizes and types will speed up 
production 


The Crescent-Smith & Hemenway line 
covers a wide range of industrial require- 
ments. Our new catalog will be mailed on 
request. 


CRESCENT TOOL COMPANY 
213 Harrison St. Jamestown, N. Y. 


CRESCENT 


and Smith &Hemenway 


TOOLS 


Made under the supervision of and guaranteed by the originators of the Crescent Wrench 
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CELORON 
Silent Timing Gears 
tedege : 


A Real Magneto 


Operates on the inductor prin- 
ciple. Both 20 and 30 degree tim- 
ing range slots—an exclusive fea- 
ture. 


Water-proof, dust-proof, the Split- 
dorf Model “B” Magneto provides 
hot, powerful ignition at all engine 
speeds and under all conditions of 

e service. 
Now Standard Equipment 
on 61 Automobile Motors 
“ 4 “ 


THE CELORON COMPANY 


Division of Diamond State Fibre Co. 
BRIDGEPORT, PENN. 


In Canada: 350 Eastern Ave., Toronto 


Celoron laminated products, molding powders 
and varnishes are bonded exclusively with Celoron 


SPLITDORF ELECTRICAL COMPANY 
392 High Street Newark, N. J. 


Subsidiary of Splitdorf-Bethlehem Electrical Company 


Established Reg. U. S 
Pat of 


resins. Celoron is the only laminated phenolic 
material manufactured entirely by one organi- 
zation under the control of one laboratory. 










Complete Line 
for 


TRUCKS 











Thompson 
Tractors and | a Motor 


————— @ 
: O 
Trailers BUSSES ric 
FRONT AXLES ONLY 
XLE MPANY 
ee — K k Tie Rods 
Louisville aeneny 


Member of Motor Truck Industries, Inc., of America 
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The Path of << PS 


peer Hrogress 


INUS PENCILS have been 

and are constantly being used 

in making plansand specifications 
of some of the most important en- 
gineering and architectural feats, 


Leaders in all professions find 
that no other pencils quite equal 
the VENUS for their smooth, 
firm leads which are ab- 
solutely uniform in each 
degree. 


(rd im Zi | 
a | iff tig 


y, 
y 7) 17 

/ f y BLACK 

/* , y Psoness 

y COPYING — 

; 4 on 


For bold heavy Hines wi 


at all stationers 
and other stores 


The largest selling 
quality pencil 
im the world 


For writing, sketching 


B-F-H 
For clean, See lines 
8H-4H-5H-6H 
For delicate, thin since 
- 


Plain ends, per doz. $1.00 
Rubber ends, per doz. 1.20 


ENUS 
PENCILS 


‘When we Say - 
NO STRAP OR SPRING 


American Pencil Co. 
53. Willow Ave., Hoboken, N. J. 
























We Put It in Black and White 
For Light Cars For All Others 
Per set of four S22 Per set of four $30 


Manufactured by CHANSON DIVISION 
ILLINOIS IRON & BOLT CO., Carpentersville, Illinois 


Reg. U.S. Pat. Off. 


SHOCK ABSORBERS 


CHANSON MEANS CAR COMFORT 
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WANTED 


An 


able experience with automobile 


Engineer having consider- 
accessories, who has some 
knowledge of patent procedure, 
to fill a vacancy in the patent 
department of a large automo- 
bile accessory manufacturer. 
State all qualifications in the 
first letter. 


Box 12 
S.A.E. Journal 


29 West 39th St. New York 















Hardness 
Tests 
Without 


Damage 


In making hardness tests 
with Shore’s’ Portable 
C 2 Scleroscope, the in- 
evitable permanent de- 
formation is microscopic 
and in no way dam r 
the salability of t 
product. 


Used in testing hardest 
or softest metals, on 
pieces of any shape, size 
or thickness—capacity for 
1000 tests per hour makes 
Shore’s New Model C 2 
Portable Scleroscope prac- 
tical for testing parts in 


production manufactur- 
ing. 
Easily operated, 
portable, efficient. 


ow 


Send for Bulletin 22 
for details of this hard- 
} ness testing method 
and of the Shore's 
Scleroscope. 


The Shore Instrument & Mfg. Company 
Van Wyck Ave., and Carll St., JAMAICA, N. Y. 


FOREIGN AGENTS: 
Agent for British Empire, Coats Machine Tool Company, Ltd., 
Westminster, don, 8. W. Yamatake & Co., = Japan. 
Vuleain, Paris, France. R. 8. Stokvis & Zonen 


us Palmer &t., 
ux rges de 
Lad., Belgium “a Holland. 
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DEPENDABLE 


In the operation of a complete 
and modern Felt Cutting 
Plant at Detroit, as well as 
four Felt Mills, the American 
Felt Company has provided 
the Automotive Industry with 
an entirely dependable source 
of supply. Quality, uniform- 
ity and quantity are under 
complete control from the 
raw wool to the automobile. 


———$——— =, 





AmericanFelt 
Company 


TRACE 


Boston Chicago Philadelphia 


Detroit San Francisco 


New York 
St. Louis | 


Se ee 


FE XHIS Company has been engaged in the 
| production of camshafts exclusively since 

its inception in 1916 and our organization 
is composed of men who have become special- 
ists in the operation they are asked to perform 
in machining and heat-treating them. Equip- 
ment developed in this plant makes it possible 
to turn out experimental work rapidly. Twenty- 
four hour deliveries after receipt of order fre- 
quently being accomplished. 


We are in a position to render unusually accu- 
rate service in cam production, checking valve 
lifts in .0001”. 


A system of double checking pyrometer and 
test bars insure heat-treating accuracies. 


Many of the larger manufacturers are now finding it to 
their advantage to abandon their camshaft machining 
departments and let us take care of their production 
and experimental camshaft problems. We are always 
glad to assist anyone who is having difficulties with their 
camshafts. 


OCS aes 


MUSKEGON, MICH. 











Counterbalanced 


CRANK SHAFTS 


and 
Heavy Die Forgings 


THE ParK Drop Force COMPANY 
Cleveland, Ohio 


Correct 
Chassis 


Lubrication 


Gits Chassis Oilers 


are constantly re- 
placing grease fit- 
tings because they 


DO IT BETTER 


Gits Bros. Mfg. Co., 1940 S. Kilbourn. Chicago 
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New Process Gear Company 
Incorporated 


Differential Gear Manufacturers 


Syracuse, N. Y. 





Adams Axle Company 





Axle Manufacturers 


Syracuse, N. Y. 


Warner Corporation 


Transmissions and Steering Gears 


Muncie, Ind. 


a 


» | 


-—, R 
‘Ole 


| \ ‘ 


VALI 


| 


LAN EXPERIENCE 


FR 
BACKED BY 36 YRS iE-CASTENGs 


RNAL 





Young technical graduate, age 
24 to 30 as assistant to Sales 
Manager. Must be good cor- 
respondent and have some 
sales ability. Knowledge of 
motor truck design and opera- 
tion valuable. Considerable 
Write 


fully concerning education 


travelling necessary. 


and experience, and state sal- 


ary desired. 


Box 13 
S. A. E. Journal 


29 West 39th St. New York 
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Producing 
A complete line of 
—BALLS— 
BALL-BEARINGS 


and 
ROLLER BEARINGS 


Send us'your Blue Prints. 
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Extra running hours are 
almost sure to overcharge 
the Battery 


f 


EECE-NE- 

VILLE Vol- 
tage Regulation 
prevents this 
possibility. It’s the long 
hours of operation—in- 
cessantly charging the 
battery without using the 
lights—-that proves the 
need of voltage regu'a- 
tion. With Leece-Neville 
Voltage Regulation, bat 


Voltage Regulation 
Minimizes Electric 
Maintenance 














1. Battery cannot be over- 
charged. 

2. The battery is charged 
only at the correct rate 
for its state of charge. 

3. Battery will operate 
longer without requiring 
replenishing of  electro- 
lyte. 

4. Life of battery greatly 
prolonged. 

5. Lights can be operated 
direct from generator. 

6. Loose connections 


NOR LEAN IIE 


will not cause teries NEVER OVER- 
lamp bulbs to CH ARG E, generators 
burn out. NEVER BURN OUT 
7. Makes most eco- There is no dangerous 
—s genera- _- voltage rise as some 
§. Any Lesce-Ne Leece-Neville (4 part jars loose, no lights 


ville Voltage 
Regulated Gen- 
erator can be used without battery. 
9. Lamp life greatly prolonged 
10. Motor coaches fitted with 


Patented burnt out. The vehicle 
may be operated entirely 
without the battery 
Used by leading 


truck 
Leece and bus fleet 


operators 
everywhere because it is 
proven practicaily 
trouble-free. Specify 
Leece-Neville Voltage 
Regulation on your next 
purchase 

The Leece- Neville 


Company 
Cleveland, Ohio 


Neville Voltage Regulated Generators 
satisfactory 


provide passengers with 
illumination and 

safe transporta 

tion. 









PATENTED VOLTAGE REGULATION 


a VG) ad 
nd 


Yi 


V7 BEARING 


Ordinary Bearing Bronze 
of approx. same analysis. 


NON-GRAN 


American Non-Gran Bronze Corp. 
BERWYN, PENNA. 
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BOSSERT 
STAMPINGS 


| 

° 

As in the first days of the Automo- 
© bile and Truck, reliable stampings 
| with dependable deliveries at com- 
° 
| 
i 
° 


petitive prices. 


The Bossert Corporation 
Main Office and Works: Utica, N. Y. 


BRANCH OFFICES: 


Cleveland, Ohio, 605 Swetland Bldg. 
Detroit, Mich., 1122 Book Bldg. 
New York City, 30 Church St. 


—one— ono ——o noe 10 


omom===s omer om 









Y yf 


KEYSTONE 


“OppeR gtt™ 


For Rust-resistance! 


THis Company is the largest 
and oldest manufacturer of 
a complete line of high grade 











Automobile Sheets 


for auto construction, bodies and parts: Body, Fender, 
Cowl, and Hood Sheets; Deep Drawing Sheets, ‘Terne 
Sheets, Stamping Stock, Etc., adapted to every purpose. 









AMERICAN SHEET AND TIN PLATE 


DISTRICT SALES OFFICES: Chicago, Cincinnati 
Denver, Detroit, New Orleans, New York 
Philadelphia, Pittsburgh, Stu‘gouis . 
Pacific Coast Representatives: UnitedStates 
Steel Products Company, Sap Francisco 
Los Angeles, Portland, Seattle 
Export Representatives : 
United States Steel Products 
Company 


New York City Yy 
MM 
Cg” 
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Gi =Jeys —-y-7 NGS CeO Ca Cee 


Detroit Tire Carrier 





No straps or chains to chafe the tires 


© FOR ALL USES 





. MOTOR a 

If CHASSIS O70 
a BODY : 
A © OF ALL © 


| 


E \ MATERIALS J 
, ~ 

\\ S Se [ | 
| = ! 
fuy\ B: == J (83 4 
Xe iol a 


WM. D. GIBSON CO. 


1800 CLYBOURN AVE, 
CHICAGO 


ILL. j= 


C 











Standard Equipment on Majority of 
America’s Better Cars 


ono no oso ono 0 


Detroit Carrier & Manufacturing Company 
Detroit, Michigan 
seutihieall o 3 ORE ome moe 


H1gh-Grade 


Radiators 


HONEYCOMB 
and 


TUBULAR 


| 
| 
3 

















PIPE and TUBE FITTINGS 


FITTING 


Made from 
Brass Rod, Castings 


or FORGINGS 


We specialize in the manufacture of 
S. A. E. Standard Flared and Com- 








pression type fittings used for con- 
necting brass and copper tubing. 
Also a complete line of pipe fittings 
in small sizes. We carry large stocks 
of the parts most in demand and can 
supply to advantage similar special 
parts made from brass rod, castings 
or FORGINGS. 


Our forged fittings will not leak gas, 
air or liquids under pressure; having 
a more uniform grain structure and a 
greater tensile strength, they are 
much superior to fittings made by 
other processes. 


Large Manufacturing Facilities 
Modern Equipment 


° Send a sample or blue-print for 
Prompt Service quotations on parts of a special 
nature. Catalogue No. 30, showing 
our complete line of standard fit- 
tings, will be m on request. 





THE G & O MANUFACTURING CO. 
New Haven 





COMMONWEALTH BRASS CORPORATION 


DETROIT 5781-5835 COMMONWEALTH AVE. MIC 
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12 ¢ OLORs 


An Merican _Pe neil c 
_ 


NIQUE 


THIN LEAD 
COLORED PENCIL 





— the pencil you need for Blue 
checking, figuring, marking a 
reen 
blueprints, sketching, etc. White 
At all dealers, or send for any Purple 
color or assorted colors (or the Brown 
assortment illustrated above) Orange 
at $1.00 per doz. pencils. Yellow 
American Lead Pencil Co. +. 
532 Willow Ave., Hoboken, N. J. Lt. Green 
Makers of the famous VENUS Pencils Maroon 





TRADE MARK 


DIE CASTINGS 
oF ALCOA ALUMINUM 


Precision combined with speed... 
lower production costs ..increased 
output ... costly hand operations 
eliminated by casting holes in the 


part to extremely close tolerances. 


A specialist will consult 
with you on request. No 
obligation, of course. 


ALUMINUM COMPANY OF AMERICA 
2435 Oliver Building, Pittsburgh, Pa. 


ALUMINUM IN EVERY COMMERCIAL FORM 


ALUMINUM DIE CASTINGS 
For Strength, Lightness, Economy 
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SUPER-STROM 


Single-Row Ball Bearings 
designed for heavy radial 
loads will carry thrust 
loads upto 100‘% of radial 
capacity - - + «+ «- - 


HE large number and 

extra size of the molyb- 
denum alloy balls in the 
Super-Strom radial type, to- 
gether with the deep-grooved 
races give this bearing an 
unusually desirable radial load 
carrying capacity with in- 
creased thrust capacity in 
either direction. 
Strom retainers and the other fea- 
tures of this design insure smooth, 


quiet operation, and _ exceptionally 
long life with very little attention. 


STROM BEARINGS CO. 


4530 Palmer Street, Chicago 
Cleveland Philadelphia Detroit 
C'ncinnati San Francisco 
Atlanta, Ga. 


SAE 6-Gray 
















Non-stop 
cleaning ! 


HEN automotive parts in process of 

manufacture are cleaned the Oakite 
way, oil, grease, and dirt are removed 
quickly. Time required for cleaning stays 
constant—it is the same one day as an- 
other—subsequent operations are not de- 
layed. Then, too, Oakite cleaning is thor- 
ough. As a result, rejects are fewer. Pro- 
duction is continuous. 








An Oakite Service Man will gladly explain 
the application of Oakite materials to the 
particular plant cleaning operation in 
which you are interested. 










Manufactured only by 
OAKITE PRODUCTS, INC., 50D Thames St., NEW YORK,N.Y. 


OAKITE 


Industrial Cleaning Materials ana Methods 


Vukite Service Men, cleaning specialists, are located in the 
leading industrial centers of the United States and Canada 
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The 


NEW WHITNEY CHAIN 


WITH 


Double Interior Engaging Links 


(Patented) 





“TASCO” 


METAL STAMPINGS 
WE USUALLY MAKE THEM 
'N THAT'S WHY OUR PRICES AUTOMOBILE MOTORS 

ost t=. vee The double interior engaging link de- 


signed and developed by WHITNEY en- 
FORGED STEEL gineers is a new and improved feature in 
RINGS and BANDS chain construction. 
Prominent automobile builders have 
SUGAR ~ REFINING. FLYWHEEL GEARS Ee ee eee 


standard equipment for the front-end drive. 
ENGINEERING AND ALLIED INDUSTRIES 


THE AKRON-SELLE CoO. THE WHITNEY MFG. CO. 


AKRON, OHIO Hartford Conn. 


















SPRING 
= Wissieendds lie OW. 





MAKERS FOR THREE GENERATIONS 
<M bssetd des SSEUINITVILI ET ones Tee eee Nae eee) 














for Your Profit 


Willard 
Batteries 


HEN you require cooperation in 

the design or other factors asso- 
ciated with the use of Springs, won’t you 
take advantage of our special engineering 
resources? 


Competent Technicians 
Practical Springmakers 


Sample Spring Dept. 
(Fully Equipped) 
Testin g Laboratories 
(Chemical and Physical) 





THE WALLACE BARNES CO. 


BRISTOL CONN. 


arnes-made Springs 


SPRINGS ASSEMBLIES SCREW MACHINE PARTS 
STAMPINGS SPRING WASHERS COLD ROLLED SPRING STEEL 
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HOOPES WHEELS 


HOOPES HOOPES-PARKER 
WOOD SPOKE METAL FELLOE HUB INTEGRAL MALLEABLE 











WHEELS WHEELS 
For Use with Single and Dual Solid Tires For Use with Single and Dual Pneumatic Tires 





1867 Hoopes, Bro. & Darlington, Inc. 1928 
WEST CHESTER, PA. 


DROP FORGINGS 


Backed by 45 Years’ Experience 


AUTOMOBILE TRUCK TRACTOR 


CoMPLETE HEAT TREATING AND LABORATORY FACILITIES Capacity 2500 Tons Per MontH 
Any TypE—ANy S1zE—UP To 500 LBs. 


UNION SWITCH & SIGNAL CO. 
Drop Force Division 


PITTSBURGH DISTRICT SWISSVALE, PA. 


Tite flex Oil, Water and Gasoline Lines for Automobiles, Trucks and Tractors. 


1,000,000 


TITEFLEX LINES INSTALLED IN THIS SERVICE. 









SOP RO _SO DP 9? ye" 
PP PIL RIF A. PAS. OD 


Tite flex lines furnished with couplings as complete assemblies 
make installation quick and easy. 


TITEFLEX METAL HOSE CO. 


500 FRELINGHUYSEN AVENUE 





Builders to the most discriminating passenger car and 
truck manufacturers in the United States and Europe. 


= STAMPARDE 


ee NN 
‘ CORAOPOLIS, Pa. 
MANUFACTURERS e/ LEAF SPRINGS 
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Common- Sense 
Window 
Regulators 


\ 
As 


Outstanding Efficiency 


and models for every type of window have put the "COM- 
MON-SENSE” window regulators in good standing 
with the nation’s foremost body engineers. 
In addition to our standard regulators, we also make 
“COMMON-SENSE” models for special bodies. Plans 
and description will be gladly submitted if you will send 
us blue print or drawing of your custom job require- 
ments. 

Make “Common-Sense” your buy-word 


Ackerman-Blaesser-Fezzey, Inc. 
1258 HOLDEN AVE., DETROIT 


Erport Distributors 
NOLAN SMITH & ( 
109 Broad St. 
New Yo 4 


Canadian Distributors 
COLONIAL TRADERS, LTD. 
Chatham, Ont. 


ific Coast Diatributors 
Ww Prince re SE-LESTER-SCOVEL Co. 
540 Howard St., San Francisco, Calif. 





MEMBERS’ PROFESSIONAL 


CARDS 


FRANCIS W. DAVIS 


CONSULTING ENGINEER 


semmteir:T) ~ bh VELOPMENT—TESTS—OPERATION—MOTOR 
ARS—TRUCKS—AUXILIARY EQUIPMENT 
COMPLETE EXPERIMENTAL DEPARTMENT 


124 LEXINGTON STREET WALTHAM, MASS 


CLIFTON REEVES & STAFF 


Industrial Consulting Engineers 


Specializing in economies of operations in industrial and 
automotive plants 


New York Office—341 Madison aviation 
Detroit Office—General Motors Buildin 
Trenton, N. J. Office—Broad St. Bank uilding. 
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N almost every case where 
Bullards are installed they 

1 form the “key production 
units” of the manufacturing 
process. All other factors are 
brought to the Bullard stan- 
dard. It’s hard to believe that 
the influence of Bullard econ- 
omy is confined to the specific 
operations these units perform. 


The Bullard Machine 
Tool Company 


Bridgeport, Connecticut 


“ATIVAN TIwITI AeA 


1 










Master Ball 
Bearings 


Product of 


AHLBERG BEARING COMPANY 


321 E. 29th St., Chicago, IIl. 
Factory Branches in 32 Cities 
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INDEX TO ADVERTISERS’ PRobuctTs 





Absorbers, Shock 


Houde Engineering Corporation 
Stromberg Motor Devices Co. 
Watson ., John Warren 


Absorbers, Shock, Hydraulic 
Monroe Auto Equipment Co. 


Accessories, Punch Press 
Danly Machine Specialties, Inc. 


Air Brake (See Brakes, Air) 


Alloys, Alumino-Vanadium 
Vanadium Corporation of America 


Alloys, Aluminum 


Aluminum Co. of America 
Bgal Metal Products Co. 
Franklin Die-Casting Oorporation 


Alloys, Babbitt 


Federal-Mogul Corporation 
Franklin Die-Casting Corporation 


Alloys, Brass 
Copper & Brass Research 
tion 
Mueller Brass Co. 
Scovill Mfg. Co. 


Associa- 


Alloys, Bronze 


Copper & Brass 
tion 

Dole Valve Co. 
Mueller Brass Oo. 
Scovill Mfg. Co. 


Research Associa- 


Alloys, Cupro-Vanadium 
Vanadium Corporation of America 


Alloys, Ferro-Chrome 
Vanadium Corporation of America 


Alloys, Ferro-Molybdenum 
Vanadium Oorporation of America 


Alloys, Ferro-Silicon 
Vanadium Gorporation of America 


Alloys, Ferro-Tungsten 
Vanadium Oorporation of America 


Alloys, Ferro-Vanadium 
Vanadium Oorporation of America 


Alleys, Silico-Manganese 
Vanadium Corporation of America 


Alloys, Solder 


Copper & Brass Research Associa- 
tion 


Alloys, Steel (See Steels) 


Alloys, White Bearing 
Franklin Die-Casting Corporation 


Aluminum Castings, Die-Cast 


Alnminum Oo. of America 
Franklin Die-Casting Oorporation 


Ammeters 
General Electric Co. 
Nagel Electric OCo., W. G. 


Apparatus, Ignition 
Bosch Magneto ©o., Inc., 
General Electric Co. 
North Hast Diectric Co. 


Robert 


Apparatus, Laboratory 
Olsen Testing Machine O©o., Tinius 


Are Welding (See Welding 
Equipment) 


Axles, Front, Motor-Truck 
Shuler Axle Oo., Inc. 


Axles, Front, Passenger-Car 
Adams Axle Co. 


Axles. Motorcoach 
Clark Equipment Co. 
Shuler Axle Co., Inc. 


Axles, Rear, Motor-Truck 
Clark Equipment Co. 


Axles, Rear, Passenger-Car 
Adams Axle Co. 


Axles, Front, Tractor 
Shuler Axle Co., Ine. 


Axles, Trailer 


Hoover Steel Ball Co. 
Shuler Axle ©Co., Inc. 


Balls, Brass and Bronze 
Hoover Steel Ball Oo. 


Balls, Monel Metal 
Hoover Steel Ball Co. 


Balls, Steel 


Hoover Steel Ball Co. 
New Departure Mfg. Oo. 


Balls, Steel, Stainless 
Hoover Steel Ball Co. 


Bands, Steel 


Bethlehem Steel Co. 
Donner Steel Co., Inc. 
Illinois Steel Co. 


Bars, Bronze 


Federal-Mogul Corporation 
Mueller Brass Co. 
Seovill Mfg. Co. 


Bars, Pry 
Danly Machine Specialties, Inc. 


Batteries, Farm Lighting 


Electric Storage Battery Co. 
Willard Storage Battery Oo. 


Batteries, Radio 
Electric Storage Battery Co. 


Batteries, Storage 


Electric Storage Battery Co. 
Willard Storage Battery Oo. 


Battery Cases 


Aetna Rubber Co. 
Richardson Co. 


Battery Parts, Rubber 
Aetna Rubber Co. 


Bearings, Babbitt and Bronze 
American 
tion 
Bohn Aluminum & Brass Corporation 
Federal-Mogul Corporation 
Franklin Die-Casting Corporation 
Mueller Brass Co. 


Non-Gran Bronze Corpora- 


Bearings, Babbitt Metal 
Federal-Mogul Corporation 


Bearings, Ball, 
tact type 


Ablberg Bearing Co. 
Bearings Co. of America 
Fafnir Bearing Co. 
Hoover Steel Ball Co. 
New Departure Mfg. Co. 
8S K F Industries, Inc. 
Strom Bearings Co. 


Angular Con- 


Bearings, Ball, Annular, Light, 

Medium and Heavy Series 
Ahlberg Bearing Co. 
Fafnir Bearing Co. 
Federal Bearings Co., 
New De 
Norma- 

tion 
S K F Industries, Inc. 
Standard Steel & Bearings, 
Strom Bearings Co. 


Inc. 
rture Mfg. Co 


offmann Bearings Corpora- 


Inc. 














Bearings, Ball, Thrust 


Aetna Ball Bearing Mfg. Co. 
Ahlberg Bearing Co. 
Bearings Co. of America 
Fafnir Bearing Co. 
Hoover Steel Ball Co. 
Norma-Hoffmann Bearing 
tion 

S K F Industries, 
Standard 
Strom 


Corpora- 


Inc. 
Steel & Bearings, 
Searings Co. 


Inc. 


Bearings, Bronze 
American 
tion 


Federal-Mogul Corporation 
Mueller Brass Co. 


Non-Gran Bronze Corpora 


Bearings, Die-Cast 


Federal-Mogul Corporation 


Bearings, Line Shaft 


S K F Industries, Inc. 


Bearings, Roller 
Hoover Steel Ball Co. 


Hyatt Roller Bearing Co. 

Norma-Hoffmann Bearings Corpora- 
tion 

S K F Industries, Inc. 


Bearings, Roller Radial 
Timken Roller Bearing Co. 


Bearings, Roller, Thrust 
Hoover Steel Ball Co. 
Timken Roller Bearing Co 


Bearings, Tapered Roller 
Timken Roller Bearing Co. 


Belting, Rubber, Canvas 
Russell Mfg. Co. 


Belts, Fan 
Russell Mfg. Co. 


Bindings 


Carter Co., George R. 


Blanks, Gear 

Akron-Selle Co. 

Bethlehem Steel Co 

Central Alloy Steel Corporation 
Link-Belt Co. 

Park Drop Forge Co. 

Union Switch & Signal Co 
Wyman-Gordon Co. 


Blanks, Sprocket 
Akron-Selle (Co. 


Bodies, Steel 


Budd Mfg. Co., E. G. 
Bolts 
Shuler Axle Co., Ine. 


Thompson Products, Ine. 


Bolts, Stripper 


Danly Machine Specialties, Inc. 


Brackets, Fender 
Smith Oorporation, A. O. 


Brake-Bands 
Bossert Corporation 


Brake-Drums 
Bethlehem Steel Co. 
Bossert Corporation 


Smith Corporation, A. O. 


Brake-Hose 
draulic 


Hydraulic Brake Co. 


Assemblies, Hy- 


Brake-Lining 
Russell Mfg. Co. 


Brakes, Air 
General Electric Co. 


Brakes, Hydraulic 


Hydraulic Brake Co 
Midland Steel Products Co. 


ee 


Brakes, Mechanical 


Bendix Brake (Co. 
Midland Steel Products Co. 


Brass Alloys 


Dole Valve Co. 
Mueller Brags Co. 
Scovill Mfg. Co 


Buckram, Leather 
Carter Oo., George R 


Bulbs (See Lamps, 


Electrie 
Incandescent) 


Bumpers, Passenger Car 
O. G. Spring & Bumper Co. 


Bushings, Babbitt 
Federal-Mogul Corporation 
Bushings, Bronze 
Dole Valve Co. 


Federal-Mogul Corporation 
Mueller Brass (Co. 


Bushings, Steel 


Danly Machine Specialties, 


Inc. 
Thompson Products, Ine. 


Cable, Insulated 


Copper & Brass Research Associa- 
tion 
General Electric Co 


Kerite Insulated Wire & Oable Go.. 
Inc. 


Camshafts 


Park Drop Forge Co. 
Wyman-Gordon Co. 


Caps, Hub 


Bossert Corporation 
Seovill Mfg. Co. 


Caps, Radiator 
Scovill Mfg. Co. 
Splitdorf-Bethlehem Electrical Co. 


Caps, Tank 


Akron-Selle Oo. 
Scovill Mfg. Co. 


Carbureter 
matic 


Dole Valve Co. 


Controls, Auteo- 


Carbureters 


Kingston Products Corporation 
Marvel Carbureter Co. 
Stromberg Motor Devices Co. 
Tillotson Mfg. Co 


Casings, Radiator 
Bossert Corporation 


Castings, Alaminum 
Aluminum Oo. of America 
Bohn Aluminum & Brass Corporation 
Egal Metal Products Co. 
Scovill Mfg. Co. 


Castings, Babbitt Metal 
Federal-Mogul Corporation 


Castings, Brass 


3ohn Aluminum & Brass Corporation 
Mueller Brass Co. 
Scovill Mfg. Co. 


Castings, Bronze 
American 
tion 
Federal-Mogu! Corporation 
Mueller Brass Oo. 
Scovill Mfg. Co. 


Non-Gran Bronze 


(Continued on 98) 
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RADIAL BALL BEARINGS 


Ss. A. E. JOURNAL 


EDERAL RADIAL BALL BEAR- 
INGS of conventional design offer the 
utmost in quality. Only the finest chrome 
carbon bearing steels are used, free from 
all imperfections, providing great strength 
and toughness. Heat-treating is accom- 
plished in mechanically-controlled fur- 


naces, with automatic drawing equipment 
of the latest design. Every modern appli- 
ance is used in the construction of these 
bearings to insure the quality for which 
these bearings are famous. 


We shall be pleased to forward samples, quota- 
tions and complete information to those inter- 
ested. 


THE FEDERAL BEARINGS CO., Inc. 


Poughkeepsie, New York 
Detroit Sales Office: 1121 Book Building 
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Castings, Die 
Franklin Die-Casting Corporation 


Castings, Die-Cast 
Franklin Die-Casting Corporation 


Castings, Grey Iron 
Link-Belt Co. 


Castings, Malleable Iron 


Link-Belt Co. 
Timken Roller Bearing Co. 


Castings, Steel 


Clark Equipment Co. 
Link-Belt Co. 


Castings, Tin Alloy 
Federal-Mogul Corporation 


Chains, Block 


Link-Belt Co. 
Morse Chain o. 
Whitney Mfg. Co. 


Chains, Roller 
Link-Belt Co. 
Whitney Mfg. Co. 


Chains, Silent 


Link-Belt Co. 
Morse Chain Co. 
Whitney Mfg. Co. 


Channels, Window Glass 
Dahlstrom Metallic Door Co. 


Checks, Door 
Carter Co., George R. 


Chucks 
Bullard Machine Tool Co. 


Clamps 


Danly Machine Specialties, Inc. 


Clamps, Hose 


Schrader’s Son, Inc., A. 


Clamps, Wire and Tubing 
Akron-Selle Co. 


Cleaners, Metal 


Oakite Products, Inc. 


Clatches, Engine 


Borg & Beck Co. 
Fuller & Sons Mfg. Co. 
Long Mfg. Ce. 

Spicer Mfg. Corporation 


Clatches, Power Transmission 
Link-Belt Co. 


Cocks, Drain 
Dole Valve Co. 


Coils, Ignition 
Bosch Magneto Co., Inc., Robert 


Compounds, Phenolic Molding 
General Plastics, Inc. 


Compressors, Air 


General Electric Co. 
Wisconsin Motor Mfg. Co. 


Condensation Products 


Bakelite Corporation 
General Plastics, Inc. 


Conduit, Flexible, Non-Metallic 
General Electric Co. 


Connecting-Rods 
Bethlehem Steel Co. 


Connecting-Rods, Aluminum 
Aluminum Co. of America 


Connections, Tire-Pump 
Schrader’s Son, Inc., A. 


Cooling Systems 
G & O Mfg. Co. 
Long Mfg. Co. 











Couplings, Flexible 
Spicer Mfg. - Corporation 


Couplings, Tubing 
Dole Valve Co. 
Titeflex Metal Hose Co 


Covers, Spring 


Houde Engineering Corporation 


Cranes, Portable Electric 
Link-Belt Co. 


Cranks, Starting 


Thompson Products, Inc. 


Crankshafts 


Bethlehem Steel Co. 

Vark Drop Forge Co. 
Union Switch & Signal Co. 
Wyman-Gordon Co 


Cups, Grease 
Link-Belt Co. 


Cups, Oil 
Link-Belt Co. 


Cups, Priming 
Dole Valve Co. 


Cut-Outs 
North East Bilectric Co 


Cutters, Woodruff 
Whitney Mfg. Co. 


Cutting Compounds 
Oakite Products, Inc. 


Die Makers’ Supplies 


Danly Machine Specialties, Inc. 


Die Sets 
Danly Machine Specialties, Inc. 


Differentials 


New Process Gear Co., Inc. 


Door-Caps 


Dahlstrom Metallic Door Co. 


Drills, High-Speed 


Clark Equipment Co 


Drop-Forgings 


Bethlehem Steel Co. 

Park Drop Forge Co. 
Spicer Mfg. Corporation 
Union Switch & Signal Co. 
Wyman-Gordon Co. 


Durometers 


Shore Instrument & Mfg. Oo. 


UDynamometers, Chassis 


General Electrie Co. 


Dynamometers, Engine 
General Electrie Co. 


Engines, Industrial 


Continental Motors Corporation 
Wisconsin Motor Mfg. Co. 


Engines 
Continental Motors Corporation 
Waukesha Motor Co. 
Wisconsin Motor Mfg. Co. 
Equipment, Arc-Welding 


General Electric Co. 


| Facings, Clutch 


Russel! Mfg. Co. 











Fans, Radiator 
Detroit Carrier & Mfg. Oo. 


Felloe-Bands, Motor-Truck, 
Pneumatic Tire 


Motor Wheel Corporation 


Felt 
American Felt Co. 


Filters, Gasoline 
Tillotson Mfg. Co. 


Filters, Oil 
Kingston Products Corporation 


Finish, Automobile Body 
Arco Co. 


Fittings. Pipe, Brass 
Commonwealth Brass Corporation 


Flanges, Hub 
Bossert Corporation 


Floors, Metal 
Dahlstrom Metallic Door Co 


Forgings, Aluminum 
Aluminum Co. of America 
Forgings, Brass 


Commonwealth Brass Corporation 
Mueller Brass Co 
Scovill Mfg. Co. 


Forgings, Drop (See Drop- 
Forgings) 


Forgings, Nickel Silver, and 
Bronze 
Mueller Brass Oo. 

F'rames, Pressed Steel 
Midland Steel Products Co. 
Smith Corporation, A. O. 

Furnace, Electric 
General Electric Co. 

Fuses, Electric 
General Electric Co. 

Gages, Gasoline 
Akron-Selle Co. 

Nagel Electric Co., W. G 

Gages, Inspection 
Danly Machine Specialties, Inc. 


Gages, Oil 
Akron-Selle Co. 
Nagel Electric Co., W. G. 

Gages. Tire Pressure 


Schrader’s Son, Inc., A. 


Gaskets 
Aetna Rubber Co. 


Gasoline 

Ethyl Gasoline Corporation 
Gearboxes. Power Take-Off 

Fuller & Sons Mfg. Co 
Gears. Bevel 

Link-Belt Co. 


Gears, Composition 


General Electrie Co 
Gears, Differential 


New Process Gear Co., Ine. 


Gears, Fibre 
General Electric Co. 


| Gears, Redaction 


Waukesha Motor ‘o. 


Gears, Spur 
Link-Belt Oo. 


| Gea rs, Steering 








Ross Gear & Tool Co. 
Warner Corporation 


Gears, Timing 
General Electric Co. 


Gears, Transmission 


Link-Belt Co. 
Wyman-Gordon (. 


Gears, Worm 
Link-Belt Co. 


Generators (Standard 
ings) 
Bosch Magneto Co., Inc., Robert 
Dlectric Auto-Lite Oo. 
General Electric Co. 
Leece-Neville Co. 
North East Dlectric Co. 


Mount- 


Gimps 
Carter Co., George R. 


Gloves, Rubber 
Aetna Rubber Co. 


Governors 


Kingston Products Corporation 


Grinding Compounds 


Oakite Products, Inc. 


Handles, Door 


Mueller Brass Co. 
Ternstedt Mfg. Co. 


Hardness Testers 
(See Testers, Hardness) 


Hardware, Body 
Ternstedt Mfg. Co. 


Head-Lamps 
Bosch Magneto Co., Inc., Robert 


Heaters, Forced Draft 
Monroe Autu Equipment Co. 
Hoists, 
General 


Electric 
Electric Co. 


Holders, Die 
Danly Machine Specialities, Ine. 


Hood Corners 


Carter Co., George R. 


Horns, Electric-Driven 
Bosch Magneto Co., Inc., Robert 
North East Electric Co. 
Housings, Axle 


Bossert Corporation 
Smith Corporation, A. O 


Hubs, Wheel 


Bossert Corporation 
Budd Wheel Co. 
Smith Corporation, A. O 


ignition-Generators 


Bosch Magneto Co., Inc., 


Robert 
North East Electric Co. 


ignition Units 
Bosch Magneto Co., Inc., Robert 
North East Electric Co. 
ingots. Alaminum 
Aluminum Co. of America 
Instruments, 
uring 


Norman-Hoffmann Bearings Corpora- 
tion 


Precision Meas- 


Instruments, Scientific 
Shore Instrument & Mfg. Co. 


Insulation, Electric 
Bakelite Corporation 
General Electric Co. 


insulation, Molded 
Bakelite Corporation 


Joints, Ball-and-Socket 
Thompson Products, Inc. 


(Continued on page 100) 
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Trunk Type Design 


All Aluminum 
Split Skirt Design 


All Aluminum 


Invar Strut Design 


Controlled: (Nelson Patents)— 
Single strut—slotted skirt 


Invar Strut Design 


Controlled (Nelson Patents)— 
Double strut—solid skirt 


Aircraft Trunk Type 


HE vast majority of modern motor cars use 

aluminum alloy pistons. Four major types 
have been developed to meet the varying require- 
ments of different makes of motors. LYNITE 
pistons are made in all these designs. Whatever 
the type, LYNITE strong aluminum alloys, made 
of Alcoa aluminum, have been proved by test 
and by experience the ideal metal for pistons 
and connecting rods. LYNITE pistons give you 
greater speed, more pulling power, quicker 
acceleration, increased fuel economy, less vibra- 


: ae , Aircraft Ricardo Type 
tion, less wear and longer life. Insist on them. 


LYDLTE- 


PISTONS AND RODS 


ALUMINUM COMDBDANY OF AMERIC 


PITTSBURGH, PA. 
ALUMINUM + IN + EVERY + COMMERCIAL «+ FORM 
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Joints, Universal Metal, Monel 
Spicer Mfg. Corporation International Nickel Co 













Piston-Rings 


Piston Ring Co. 
Ray Day Piston Co. 


Rod, Free-Cutting Brass 


Copper & Brass Research Associa- 
tion 
























r ’ ler Brass Co. 
Keys. Woodruff Millx, Vertical Boring and Muel " 
Whitney Mfg. Co. Turning Plates, Tin and Terne (See Scovill Mfg. Co. 
Rnllard Machine Tool Co. Steel, Sheet) 











Lacing, Hood and Radiator Rod, Naval Brass 




























‘ 
Molded Products, Phenolic Pliers Copper & Brass Research Associa- 
Russell Mfg. Co. Compound Crescent Tool Co. tion 
; ‘ Mueller Brass Co. 
Lacquer, Pyroxylin General Plastics, Inc. Powder, Alaminum Paint Scovill Mfg. Co. 
Arco Co. 


Moldings, Cold-Drawn Steel 
Lamps, Electric Incandescent Pahistrom Metallic Door Co. 
General Electric Co. 


Aluminum Co. of America 
Rod, Tie 


Thompson Products, Inc. 












Powerplants, Industrial 
Moldings, Wire On Waukesha Motor Co 
Lamps, Mercury Vapor Carter Co., George R. 


Cooper Hewitt Electric Co. 






Rod, Torque 
Thompson Products, Inc. 






Power Take-Offs 
Moldings, Wood Fuller & Sons Mfg. Co 


Lamps (See Head-Lamps) Overton Co., 8. E. 













Roller Bearings (See Bear- 







Primers ings, Roller) 
Lathes, Chucking Molybdenum, Metallic Arco Co 
Bullard Machine Tool Co Vanadium Corporation of America Dole Valve Co. 


Running-DBoards 







































eaamsiie teeiiel Motors (See Engines) Propeller-Shafts —— ee 
“ ’ i: Spicer Mfg. Corporation 

Bullard Machine Too! Co aot Seine (See Starting- Scleroscopes 
pais Motors) Pyroscopes Shore Instrument & Mfg. Co 
4 ‘. Shore Instrument & Mfg. (Co 

Carter ©o., George R Nails ; 

American Steel & Wire Co Screw Drivers 

Lights, Spot Interstate Iron & Steel Co Radiators Crescent Tool Co 

Bosch Magneto Co., Inc., Robert G&O Mfg. Co 

g 0 ne ober Nickel Tene Mfe. Co , 

Links, Drag International Nickel Co Modine Mfg. Co Screw-Machine Products 






Thompson Products, Inc. Akron-Selle Co. 


Aluminum Co. of America 







Nuts Rails, Robe 
Lubricant, Combustion Cham- 
































, . Barnes Co., Wallace 
—_ Shuler Axle Co., Inc. Carter Co.. George R erg ne Brass Corporation 
Jole Valve Co. 
Oraveroiler Co. of America Oil-Puamps Link-Belt Co. 
Railiationeen Kingston Products Corporation Reamers Mueller Brass Co. 





Clark Equipment Co New Process Gear Oo., Inc 
(See Oils, Lubricating) _ Scovill Mfg. Co. 


Spicer Mfg. Corporation 


Oilers, Mechanical 
Madison-Kipp Corporation 












Lubricating Systems 


Bassick Mfg. ©o. 
Bijur Lubricating Corporation Oiling Systems 


Madison-Kipp Corporation 


Regulators, Temperature 
Dole Valve Co. Screws, Cap 
Mechanics Machine Co. 
Seovill Mfg. Co. 
Shuler Axle Co., Inc. 












Lubrication, Automatic 
Madison-Kipp Corporation Ovens, Electric 
General Electric Co. 







Regulators, Window 


Ackerman-Blaesser-Fezzey, Inc 
Ternstedt Mfg. Co 





Lubricator, Combustion Cham- 






















= Screws, Drive, Steel 
Pi... ka Co. of America a Soe a! deacon Rays, Cus-Oue Park Kal e ti 
i y } . ee “ ‘ ” arker-Kalon Corporation 
. North Bast Electric Co 
Lubricators, Cyiinder Arco Co 


Madison-Kipp Corporation 







Panels, Instrument 


Machines, Automatic Chuvck- Dahlstrom Metallic Door Co. 
ing Scovill Mfg. Co. 


Bullard Machine Tool Co. 


Screws, Machine 
Scovill Mfg. Co. 









Retainers, Ball 


Aetna Ball Bearing Mfg. Co 
Rearings Co. of America 
Bossert Corporation 







Panels, Wood Wainscoting 





Screws, Self-Tapping, Steel 




















Meta, Satomatic Multiple Overton Co., 8. E. Ribbons, Fender Parker-Kalon Corporation 
pindle 
Bullard Machine Tool Co. Parts, Pressed Steel ee a ee Oe 


(See Stampings) Screws, Sheet Metal, Steel, Self- 


Tapping 
Parker-Kalon Corporation 













Machines, Balancing 


Rima, Pneumatic Tire 
Olsen Testing Machine ©Co., Tiniu» 


Rethlehem Steel (Co. 
Motor Wheel Corporation 


Pencils, Drawing 
American Lead Pencil Co 





Machines, Boring (Vertical) . 
Bullard Machine Tool Co. Pinions 
yeneral Electric Co. 


Screws, Wood 















Rima, Solid—Rubber Tires 


Interstate Iron & Steel Co 
Bethlehem Steel Co 


Machines, Boring, Turning 
and Facing (Vertical) Pinions, Starting-Motor 
Bullard Machine Tool Co. Blectriec Auto-Lite Cr. 


Machines, Chucking 
Bullard Machine Tool Co. 







Rings, Welded Steel Sets, Die 


Akron-Selle Co. 







Danly Machine Specialties, Inc 





Pins, Cotter 
Shuler Axle Co., Inc 















Rivets, Brass and Copper Shafts, Propeller 


Machines, Chucking and Scovill Mfg. Co. 


Turning Pins, King 
Bullard Machine Tool Co. Thompson Products, Inc. 


Spicer Mfg. Corporation 






Rivets, Steel 
Interstate Iron & Steel Co 


Shapes (Extruded Brass «nd 
Bronze) 
Mueller Brass Co. 
Scovill Mfg. Co. 










Machines, Milling Pins, Leader 
Whitney Mfg. Co. Danly Machine Specialties, Inc. 












Rod. Aluminum 
Aluminum Co. of America 


Machines, Multiple Spindle Pins, Piston 


Bullard Machine Tool Co. Thompson Products, 


Inc. Sheets, Aluminum 










wee ay Power Transmis- | pins, Steel Dowel 
sion 


Link-Belt Co. Danly Machine Specialties, Inc. 


Aluminum Co. of America 
Rod, Brake 


Thompson Products, Ine 









Sheets, Brass 





















Machines, Screw (See Screw | Pipe Fittings 

























Copper & Brass Research Associa- 
Machines) Dole Valve Co. Rea, Brass tion 
Mueller Brass Oo. Mueller Brass Co Seovill Mfg. Co. 
Machines, Testing Titetlex Metal Hose Co. Scovill Mfg. Co. 


Olesen Testing Machine Co., Tinius 







Pipes (See Tubing, Flexible Sheets, Copper 
Machines, Turret Automatic Metal) 


Bullard Machine Tool Co. 










Rod, Bronze 


Mueller Brass Co. 
Scovill Mfg. Co. 


Copper & Brass Research Associa- 


tion 
Pistons, Aluminum 


Magnetos (Standard Mvant- Aluminum Co. of America : 
ings) Bohn Aluminum & Brass Corporation 
Bosch Magneto Co., Inc., Robert 








Sheets, Steel (See Steel, Sheet) 
Rod-Ends i ‘ ° 


National Lock Washer Co 
Thompson Products, Inc. 














(Concluded on page 102) 
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CLUTCH BEARINGS 


Reliable — Durable — Quiet 


CEE 


B. C. A. Bearings will “stand the gaff” 


pcubiinmbiaiainas of clutch service because they are correctly 
Radial Bearing 


designed to carry the load. Each installa- 
tion is a special job, to be worked out on 
sound engineering principles. In the 
Clutch Throwout and Pilot positions, B. C. 
_ A. Bearings give silent, efficient operation. 


From many years of experience in 
clutch bearing manufacture, we are 
nationally recognized as clutch bear- 
ing specialists. Let our engineers 
Thrust Bearing solve your bearings problems. 


Bearings Company of’ America 


DETROIT MICH. OFFICE 
LANCASTER, PA. 1012 FORD BLDG. 
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Shoes, Brake 
Bossert Corporation 


Sills, Body 


Smith Corporation, A. O. 


Speedometers 
North East Blectric Co. 


Spokes, Wood, Motor Track 
Motor Wheel Corporation 


Spokes, Wood, Passenger Car 
Motor Wheel Corporation 


Spark Plugs 
Bosch Magneto Oo., Inc., Robert 


Springs, Air 
American Steel & Wire Co. 


Springs, Coiled 
American Steel & Wire Oo. 
Barnes-Gibson-Raymond, Inc. 
Cleveland Wire Spring Co. 
Danly Machine Specialties, Inc. 
Gibson Co., Wm. D. 


Springs, Flat 
American Steel & Wire Co. 
Barnes Co.. Wallace 
Barnes-Gibson-Raymond, Inc. 
Cleveland Wire Spring Co. 
Gibson Co., Wm. D. 


Springs, Leaf 
Standard Steel Spring Co. 


Sprockets, Block-Chain 
Whitney Mfg. Co. 


Sprockets, Roller-Chain 


Link-Belt Co. 
Whitney Mfg. Co. 


Sprockets, Silent-Chain 


Link-Belt Co. 
Morse Chain Co. 
Whitney Mfg. Oo. 


Stampings 
Akron-Selle Co. 
Barnes Co.. Wallace 
Bossert Corporation 
Midland Steel Products Co. 
Motor Wheel Corporation 
Scovill Mfg. Co. 
Smith Corporation, A. O. 
Spicer Mfg. Corporation 


Starter-Generators 
North East Electric Co. 


Starting-Motors (Standard 
Mountings) 
Bosch Magneto Co., Inc., Robert 
Electric Auto-Lite Co. 
Leece-Neville Co. 
North East Electric Co. 


Steel, Alloy 
Bethlehem Steel Co. 
Central Alloy Steel Corporation 
Donner Steel Co., Inc. 
Illinois Steel Co. 
Interstate Iron & Steel Co. 
Shuler Axle Co., Inc. 
Timken Roller Bearing Co. 
Union Drawn Steel Co. 


Steel, Carbon 


Barnes Co.. Wallace 

Bethlehem Steel Co. 

Central Alloy Steel Corporation 
Donner Steel Co., Inc. 

Illinois Steel Co. 

Interstate Iron & Stee! Co. 
Shuler Axle Co., Inc. 

Timken Roller Bearing Co. 
Union Drawn Steel Co. 


Steel, Cold Drawn 
American Steel & Wire Co. 


Steel, Electric Furnace 
Timken Roller Bearing Co. 


Steel, Leaf Spring 
Central Alloy Steel Corporation 


Steel, Molybdenum 
Qentral Alloy Steel Corporation 





Steel, Non-Corrosive 
Bethlehem Steel Co. 


Steel, Open Hearth 
Timken Roller Bearing Co. 


Steel, Rivet 


Bethlehem Steel Co. 
Illinois Steel Co. 
Interstate Iron & Steel Co. 


Steel, Sheet and Plate 
American Sheet & Tin Plate Co. 


Steel, Special Analysis 
Timken Roller Bearing Co 


Steel, Tool 


Bethlehem Steel Co 
Timken Roller Bearing Co. 


Stock, Steel (See Steel, Sheet) 


Strainers, Gasoline 
Stromberg Motor Devices Co. 


Straps, Door-Stop 
Carter Co., George R. 


Straps, Tire and Truck 
Russell Mfg. Co. 


Straps, Top 
Russell Mfg. Oo. 


Strip, Phosphor Bronze 


Copper & Brass Research Associa 
tion 


Studs, Ball 
Thompson Prodnets, Inc. 


Supplies, Die Makers’ 
Danly Machine Specialties, Inc. 


Switches, Starting 


Plectric Auto-Lite Co. 
Leece-Neville Oo. 
North East Electric Oo. 


Systema, Fuel-Supply 
Kingston Products Corporation 


Tacks 


American Steel & Wire Co. 
Interstate Iron & Steel Co. 


Tanks, Vacuum 


Kingston Products Corporation 


Tape, Friction 
Firestone Tire & Rubber Co. 


Tape. Insulated 
Kerite Insulated Wire & Cable Co. 


Tappets 
Thompson Products, Inc. 


Testers, Hardness 
Shore Instrument & Mfg. Co. 


Thermometers, Distance-Type 
Moto Meter Co., Inc. 


Radiator-Type 
Inc. 


Thermometers, 
Moto Meter Co., 


Thermostats 


Bishop & Babcock Sales Co. 
Dole Valve Co. 


Timer-Distributors 


Bosch Magneto Co., Inc., Robert 
BDlectric Auto-Lite Co 
North East Electric Co. 


Tire Carriers 
Detroit Carrier & Mfg. Co. 


Tire Locks 
Detroit Carrier & Mfg. Co. 


Tire Pumps, Hand, Self Oiling 
Monroe Auto Equipment Co. 


Tire-Pumps, Transmission 


Type 
Detroit Carrier & Mfg. Co. 


Tires, Industrial Truck 
Firestone Tire & Rubber Co. 


Tires, Motorcycle 
Firestone Tire & Rubber Co. 


Tires, Pneumatic 
Clark Equipment Co. 
Firestone Tire & Rubber o. 
United States Rubber Co. 


Tires, Solid 
Clark Equipment Co. 
Firestone Tire & Rubber Co. 
United States Rubber Co. 


Tools, Forged Lathe 
‘Bullard Machine Tool Co. 


Torque-Arms 


Bossert Corporation 
Smith Corporation, A. O. 


Torsion-Rod Assemblies 


Thompson Products, Inc. 
Transmissions 
Fuller & Sons Mfg. Co. 


Mechanics Machine Co. 
Warner Corporation 


Tuabing, Aluminum 
Aluminum Co. of America 


Tubing, Brass 


Copper & Brass Research Associa- 
tion 
Mueller Brass Co. 
Seovill Mfg. Co. 
Tubing, Copper 
Copper & Brass Research Associa- 
tion 
Mueller Brass Co. 
Scovill Mfg. Co. 
Tubing, Flexible Metal 
Copper & Brass Research Associa- 
tion 
Titeflex Metal Hose Co 
Tubing, Naval Brass 
Copper & Brass Research Associa- 


tion 
Scovill Mfg. Co. 
Tubing, Steel 
Smith Oorporation, A. O. 
Timken Roller Bearing Co. 
Tubing, Windshield 
Dahlstrom Metallic Door Co 


Tungsten, Metallic 


Arco Co. 
Vanadium Corporation of America 


Turret Machines, Vertical 
Bullard Machine Too! Co. 


Universal-Joints 


Mechanics Machine Co. 
Spicer Mfg. Corporation 


Valves, Gasoline Needle 


Commonwealth Brass Corporation 
Dole Valve Co. 


Valves, Poppet 
Thompson Products, Inc. 


Valves, Shut-Off 
Dole Valve Co. 


Valves, Thermostatic Water 
Control 


Dole Valve Co. 


Valves, Tire 


Schrader’s Son, Inc., A 


Varnishes, Finishing 
Areo Co. 


Varnishes, Phenolic Insulating 
General Plastics, Inc. 
Varnishes, Rubbing 
Arco Co. 


Washers 


Bossert Corporation 


Washers, Hardened and 
Ground 


Aetna Ball Bearing Mfg. Co. 


Washers, Lock 
National Lock Washer (Co. 
Shakeproof Lock Washer Co. 
Shuler Axle Co., Inc. 


Washers, Plain 

Copper & Brass 
tion 

Interstate Iron & Steel Co. 


Research Associa- 


Washers, Spring 
Barnes Co., Wallace 


Water-Temperature Contrels 
Automatic 
Dole Valve Co. 


Webbing, Anti-Squeak 
Russell Mfg. Co. 


Webbing, Top 
Russell Mfg. Co. 


Welding Equipment 
Bossert Corporation 


Welding Rod, Bronze 
Mueller Brass Oo. 
Scovill Mfg. Co. 


Wheels, Dual Pneumati ° ith 
Hub Integral — 


Hoopes, Bro. & Darlington, Ine. 


Wheels, Metal 
Budd Wheel Co. 
Clark Equipment Co. 
Hoopes, Bro. & Darlington, Inc 
Smith Corporation, A. O. 


Wheels, Pressed Steel Disc 
Budd Wheel Co. 
Clark Equipment Co. 
Motor Wheel Corporation 


Wheels, Trailer 
Hoopes, Bro. & Darlington, Ine. 


Wheels, Truck Rolled Stee! 
Bethlehem Steel Co. 


Wheels, Wire 
Budd Wheel Co. 


Wheels, Wood 


Hoopes, Bro. & Darlington, Ine 
Motor Wheel Corporation 


Wheels, Wood-Spokes, Metai 
Felloes 


Hoopes, Bro. & Darlington, Inc. 


Wicks, Felt 
American Felt Co. 


Windshield Wipers 
Bosch Magneto Co., Inc., Robert 


Windshield Wipers, Two Speed 
Electric 


Stromberg Motor Devices Co. 
Wire (See Cable, Insulated) 


Wire, Aluminum 
Aluminum Oo. of America 


Wire Forms 
Barnes Co., Wallace 


Wire Products 


American Steel & Wire Co. 
Barnes Co., Wallace 
Interstate Iron & Steel Co. 


Wire, Steel (See Steel Wire) 


Wrenches 
Crescent Tool Co. 


Wrenches, Socket 
Splitdorf-Bethlehem Hiectrial Co. 
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Bakelite Molded cover plate ring and the wheel on which it is used, Lobdell-Emery Mfg. Co., 
Alma, Mich., Manufacturers. 


Bakelite Molded replaces metal— 
appearance improved—cost reduced 


HE cover plate ring of this steer- 

ing wheel was formerly made of 
aluminum. Through substituting a 
Bakelite Molded ring five operations 
were eliminated and the cost of the 
part reduced approximately fifty per 
cent. In addition, the use of Bakelite 
Molded provided accuracy of dimen- 
sion, durability, lustrous finish, and a 


color in harmony with the finish of the 
wheel. 


The use of Bakelite Molded for pro- 
ducing various automotive parts and 
accessories is steadily increasing. A 
few of the more conspicuous applica- 
tions include spark and throttle assem- 


blies, instrument board fittings, smok- 
ers’ and vanity sets, gear shift knobs, 
handles and other parts. Our Book- 
let No. 5, “Bakelite Molded,” may sug- 
gest ways in which you could use the 
material to advantage. A copy will be 
mailed promptly if you request it. 


Bakelite Engineering Service 
Intimate knowledge of thousands of 
varied applications of Bakelite Mate- 
rials combined with eighteen years’ ex- 
perience in the development of phenol 
resinoids for automotive uses provides 
a valuable background for the coopera- 
tion offered by our engineers and re- 
search laboratories. 


BAKELITE CORPORATION 
247 Park Avenue, New York, N. Y. Chicago Office, 635 West 22nd Street 
BAKELITE CORPORATION OF CANADA, LTD., 163 Dufferin Street, Toronto, Ont. 





REGISTERED 








THE MATERIAL OF 





U, &. PAT. OFF. 


“The registered Trade Mark and Symbol shown above may be used only on products made from materials 
manufactured by Bakelite Corporation Under the capital “‘B” is the numerical sign for infinity, or unlimited 
quantity It svmbolizes the infinite number of present and future uses of Bakelite Corporation's products.” 
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Exide 


BATTERIES 








You will find this 


same name on the 
batteries that propel 


submarine boats of the U.S. Navy 


T is understood, naturally, that an Exide- automobile battery 
could never propel a submerged submarine. Neither does it 
require an Exide submarine battery to crank and light an 

automobile or motor bus. 


But there is one outstanding thing that these two types of 
batteries have in common—Exide quality. 


To the automotive engineer who appreciates what Exide quality 
means, little more need be said. The same forty years’ experience 
that has been gained in building storage batteries for every pur- 
pose, and that has led the United States Government to choose 
Exide Batteries for the majority of its submarine boats, is built 
into the Exide that you specify in your cars. 


THE ELECTRIC STORAGE BATTERY CO. 
Philadelphia 


EXIDE BATTERIES OF CANADA, LIMITED, TORONTO 
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LINK-BELT 


AUTOMOTIVE SILENT TIMING CHAIN 


MANUAL ADJUSTMENT 


\ AUTOMATIC ADJUSTMENT 





De Automotive 


Silent Timing Chains 


marine motors. Cars in 


every price class are turn- 





are Standard equipment ing to Link-Belt Silent 


on 45 automobile models, 22 auto Timing Chains because they are 


motors, 10 busses,3ltrucksand10 so quiet, durable and dependable. 


LItwA-BEeELT COMPANY . 'NDIANAPrPOLIS . OETROIT 


3412 
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Impressive beauty . . . . practical convenience Y pi 


.... luxurious comfort .... is the impetus be- 
hind the steady upward swing of sales curves for 
some car builders .... while others are slipping down. 


In those motor cars which dominate the various price 
divisions ....in appeal .... and sales... . Ternstedt 
interior fittings and appointments conspicuously con- 
tribute to the arousing of buyer interest. 


Ternstedt is the one organization in the industry 
prepared to provide all phases of a complete designing 
and production service. 


EXPORT 
ORGANIZATION 
Overseas Motor 
Service Corporation 
New York, N. Y. 


TERNSTEDT 


World’ Largest Manufacturers ( 


Z—~of Automobile Body Hardware 
DETROIT \ 


Ws (@ U. S.A 


UNIT OF FISHER BODY CORPORATION 





| 








The powe ve linfluence 


of national advertising 

steadily is increasing 

the prestige of Fittings 
by Ternstedt 





‘HE only time a car spring 
does good is when it is yield- 
ing. By yielding, a spring 
cushions us from a road 

blow. If it wasn’t for this yielding, 
we would be just as well off by using 
crowbars instead of springs. 


Then why employ any device which 
interferes with the yielding of our 
springsP By so doing we are simply 
robbing ourselves of the spring’s use- 
fulness. 


If the spring clearance is so small 
that we have to do something to keep 
from bottoming, metal to metal, why 
not employ the simple expedient of a 
properly contoured rubber bumper? 


If the rubber bumper is made out of 
rubber instead of putty and chewing 
gum and old rags, the bumper will 
stay put for years of service. And if 
such a bumper is placed alongside 
the spring, instead of between the 
spring and the frame, it will in no 
way diminish the available spring 
travel. 


The thing devoid of complications, 
the simple thing, the ultimate thing, 
often seems too simple to be worth 
much. Look over any automobile 
today though and you will find that 
its best and most lasting and most 
trouble-free parts are the simple 
parts. 
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Design your own, to come into action just when you want it to, and with 
any resistance and progressive resistance which will suit you best. 


President, 


JOHN WARREN WATSON COMPANY 
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